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ABSTRACT 
Scabies is a human skin disease due to the burrowing ectoparasite Sarcoptes 
scabiei var. hominis resulting in intense itching and inflammation and manifesting as a 
skin allergy. Currently limited information is known about the genetic diversity of 
Sarcoptes scabiei mites in human and also little is known about the specific scabies 
molecules involved in the inflammatory and immunologic responses. Due to 
insufficient mite material and lack of in vitro propagation system for antigen 
preparation, scabies is a challenging disease to diagnose. To examine the extent of the 
genetic variation in the DNA sequences of Sarcoptes scabiei var. hominis, mites were 
collected from scabietic patients by visiting the dermatology clinics of private and 
government hospitals from different localities of Pakistan. Individual mite gDNA was 
first amplified using ITS-2 and 16S by PCR, however, later amplicons were sequenced 
directly. Sequence analysis of Pakistani isolates by mitochondrial 16S rRNA gene 
showed greater sequence variability with 0.451M average evolutionary divergence 
(AED) as compared to ITS-2 sequences having a level of 0.01M AED. Moreover, 
results derived from Neighbor-joining tree showed that ITS-2 sequences did not show 
any host segregation and geographical isolation, whereas 16S indicated presence of 
both host adapted and geographically segregated populations of S. scabiei. These 
results suggested that 16S rRNA appeared to be suitable for examining genetic 
diversity among human mite populations as compared to ITS-2. Moreover different 
varieties of Sarcoptes mites belonged to different host species and geographic regions 
recommended a common gene pool which represented existence of a single species. 
For allergen characterization, full-length S. scabiei tropomyosin (Sar s 10) was cloned 
xxiii 
 
and expressed in pET-15b and assessed for reactivity with IgE antibodies from human 
sera. IgE binding was observed to Sar s 10 with sera collected from crusted and 
ordinary scabies, House Dust Mite (HDM) positive and naive subjects and a diagnostic 
sensitivity of <30% was observed. S. scabiei paramyosin (Sar s 11) was cloned and 
expressed in pET-28a in three overlapping fragments designated as Sspara1, Sspara2 
and Sspara3. IgE and IgG binding was observed to Sspara2 and Sspara3 antigens with 
sera collected from crusted and ordinary scabies, and HDM positive subjects but no 
binding was observed with sera collected from naive subjects. Sspara 2 displayed 
excellent diagnostic potential with 98% sensitivity and >90% specificity observed for 
IgE binding and 70% sensitivity for IgG. In contrast the diagnostic efficiency of 
Sspara 3, was 84% for IgE binding and 40% for IgG binding. In combination Sspara 2 
and Sspara3 provided an IgE sensitivity of 98%. These results demonstrate the genus-
specific scabies mite epitopesare able to detect IgE reactivity with high sensitivity. The 
developed ELISA represents a marked improvement for the clinical diagnosis of 
scabies and helps direct future development of a specific diagnostic tool for scabies. 
Keywords: Sarcoptes scabiei var. hominis, rDNA ITS-2, MtDNA-16S, Tropomyosin, 
Paramyosin, Recombinant, IgE, Diagnosis 
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Chapter 1 
GENERAL INTRODUCTION 
Mites are generally parasitic in nature, and are known to infect invertebrates, 
vertebrates and plants. The family Sarcoptidae of mites is important due to its 
geological spread and the likelihood to tansmit pathogenic infections (Buczek et al., 
2006). Due to potential for epidemics and pandemics infections are the main cause of 
huge disease burden to humans and animals and are responsible for mortality and 
morbidity than any other diseases.  
Sarcoptes scabiei var. hominis caused a common human skin infestation 
known as scabies (Orkin and Maibach, 1985; Pence and Ueckermann, 2002; Walton 
and Currie, 2007). Scabies occurs worldwide among people of all ages, races, genders 
and social classes and has been identified as a neglected tropical infectious disease 
(Payne and Fitchett, 2010; Hengge et al., 2006). It is considerd as one of the first 
disease in human reported with an identified reason (Monstesu et al., 1991). 
1.1 BIOLOGY OF SARCOPTES SCABIEI 
Sarcoptes scabiei etiological agent was depicted and demonstrated in 1689 by 
Italians Bonomo and Cestoni. S. scabiei is an obligate ectoparasite (Fain, 1968), 
grouped taxonomically in the Phylum Arhropoda, class Arachnida, subclass Acari, 
order Astigmata, family Sarcoptidae, genus Sarcoptes and species scabiei (Fain, 
1978). Phenotypically Sarcoptes scabiei var. hominis is small i.e. female adult mites 
are 0.3-0.5 mm in length while its male counterpart is smaller at ~0.25  mm  in  length 
(Walton and Currie, 2007), white  or  colorless,  eyeless   and  flattened  ventrally. The  
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female mite digs into the stratum corneum of the skin by feeding with their mouthparts 
and front legs and form burrows 
1.2 HOST SPECIFICITY 
S. scabiei has a wide ranges of hosts, about more than 140 mammalian species from 
twenty seven families and ten orders has been reported (Pence and Ueckermann, 2002; 
Alasaad et al., 2009). A number of variants exist such as S. scabiei var. hominis, S. scabiei 
var. suis and S. scabiei var. canis which although morphologically similar but 
genetically are distinct (Walton et al., 1999). Normally the infestation is species 
specific while cross-infestation occurrence is low and usually self resolved (Arlian et 
al., 1984). 
1.3 LIFE CYCLE OF SARCOPTES SCABIEI 
The life cycle of Sarcoptes scabiei is approximately thirty days (Granholm and 
Olazewski, 2005). After reaching sexual maturity, burrows are formed in epidermis of skin at a 
rate of 0.5-5 mm per day and once fertilized lay 2-4 eggs per day (Meinking et al., 1995). 
The eggs hatch in the form of six legged larvae in about three days and remains in burrow for 
up to one day and then crawls away to leave the burrow. Larva molts into new nymphal stages 
by moving to a new site and constructs successive molting pouches or enters a hair follicle 
(Granholm and Olazewski, 2005). The adult mite comes out after about two weeks on the 
surface of skin to initiate mating after which the male mite dies (Alexander, 1984; Hegazy et 
al., 1999). The adult female is thought to survive up to 6 weeks (Figure 1). 
1.4 TRANSMISSION OF SCABIES 
Commonly, scabies is a result of direct skin to skin contact (Guldbakke and 
Khachemoune, 2006) and   is primarily mediated by  close  and  extended  contact with 
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Figure 1. Life Cycle of Sarcoptes scabiei. Adapted from Currie and McCarthy, 2010. 
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scabies infested person. Among family members scabies is common and frequently 
observed in institutional places like care centers, nursing homes, school etc 
(Chosidow, 2000). Mite can stay alive for 24 to 36 hours at room temperature when 
detached from its host with 40 to 80 percent relative humidity, and still longer at lower 
temperatures with high humidity (Arlian, 1984). The ability of the mite to infest host 
decreases with incease time of detachment from the host. The body odor and thermal 
stimuli are used by unsighted mite for active host taxis (Arlian et al., 1984; Arlian, 
1988). Moreover, the mode of transmission through fomites must be considered mostly 
in cases of crusted (Norwegian) scabies (Morgan-Glenn, 2001). Sexual contact is 
possibly the main means of transmission among adults (Meinking et al., 1995). The 
density of mites and length of contact reflects probability of person being infected 
(Mellanby, 1944).  
1.5 PATHOGENSIS OF SCABIES 
The female mite digs into the stratum corneum of the skin by feeding with their 
mouthparts and front legs and form burrows. They feed on lysed skin and lymphic 
fluid, which is secreted by underlying skin layers and lengthen their burrows 
horizontally up to 0.5 mm per day (Granholm and Olazewski, 2005). Scabies is 
characterized by intense itching and inflammation and it manifests as a skin allergy 
(Burgess, 1994). The mites prefer folded areas of skin and symptoms include small 
bumps and blisters between the web fingers, the flexor aspects of the wrists,  under the 
buttocks, extensor aspects of the elbow, periumbilical area and around genital regions 
for burrowing (Granholm and Olazewaki, 2005). In addition, significant morbidity 
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caused by secondary bacterial infectivity especially group A Streptococcus. Recurring 
infestation and intermittent pyoderma have also been identified as significant 
precipitants of renal and rheumatic heart infection (Currie et al., 1994; Hoy, 1996; 
White et al., 2001). It is difficult to recognize visible lesions in human, as they are 
often masked by eczema or impetigo or are atypical. 
1.6 CLINICAL APPEARANCE OF SCABIES 
Scabies can present as common ordinary scabies with infestation of about 10-
15 mites per person (Walton et al., 1997) to rare crusted scabies with infestation of a 
million mites (Estes and Estes, 1993). The ordinary scabies has wide range of clinical 
appearance depending on the degree of the inflammatory response, but burrows and 
itching which are classical clinical signs for the diagnosis of scabies become more 
intense at night. The burrow is a short serpiginous line in the stratum corneum 
measuring 1-10 mm. Crusted scabies is oftenly found in patients with HIV infection, 
human T lymphotropic virus 1 (HTLV-1) infection, organ transplant patients, mentally 
retarded and physically incapacitated and patients have been recognized as core 
transmitter. Clinically, thick, gray, scaly hyperkeratotic skin observed on hands, feet, 
knees, elbows, scalp, nail beds and sometime whole body (Granholm and Olszewski, 
2005). 
1.7 EPIDIOMOLOGY OF SCABIES 
Due to potential for epidemics and pandemics, infectious diseases are responsible for 
more mortality and morbidity than any other diseases known to humans and animals. Scabies 
occurs worldwide among people of all ages, races, genders and social classes and has been 
identified as a neglected tropical infectious disease (Hengge et al. 2006; Payne and 
6 
 
 
 
Fitchett, 2010). Scabies has been found to be more prevalent in developing countries 
and has a high impact on health and social life of indigenous populations in developed 
countries (La Vincente et al. 2009).  
It has been estimated that about 1–10% of the global population is infected with 
scabies; the infection rate may be as high as 50–80% in certain populations, (Andrews et al. 
2009). Scabies also affects animals of human importance and infection of animals is called 
sarcoptic mange, where significant morbidity in both domestic and wild animals, and also in 
livestock lead to large economic losses (Alasaad et al., 2012; Rehbein et al., 2003; 
Chakrabarti, 1985; Walton and Holt, 2004). Scabies is prevalent worldwide and it occurs both 
epidemically and endemically. Recent examples include an outbreak in British Army wherein 
100 Coldstream Guardsmen protecting the Queen at Windsor Castle, UK have contracted 
scabies (Dailymail UK, 2013). According to World Health Organization (WHO) the 
prevalence range of scabies is between 0.2 – 24 % after accumulating data from 18 prevalence 
studies between 1971 and 2001 (WHO, 2005).A study carried out in Iran showed prevalence 
of scabies at 57 percent in the prisoners of Iran (Poudet and Nasirian, 2007). The prevalence of 
skin diseases also studied in Nigeria showed that among all the skin diseases, scabies is more 
prevalent (Adebola et al., 2004). Another study showed that among skin diseases in rural areas 
in Egypt, the parasitic skin infections like scabies had highest prevalence rate (Abdel-Hafez et 
al., 2003). A high incidence of scabies was also documented in Poland where women were 
found to be more infected than men (Lonc and Okulewicz, 2000). 
Scabies is common health insecurity in Pakistan and a seasonal variation was 
observed in scabies incidence during year 1996-97. Furthermore, a study conducted by 
dermatologists and pediatricians in Lahore proved that scabies is the most common 
pediatric  dermatitis  about  21.7  percent, followed  by fungal infection, atopic eczema  
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and bacterial infections, respectively (Javed and Jairamani, 2006). 
1.8 DIAGNOSIS OF SCABIES 
Scabies is difficult to diagnose. Presently, for the scabies diagnosis in humans 
there is no efficient method. Routinely based diagnostic methods are primarily a direct 
method of clinical sign observations including the typical history of pruritus, 
inflammatory papules allocation and detection of visible lesions within the host body.  
The microscopic examinations of scabies infected skin scrapings is rarely 
carried out but shows less than 50 percent sensitivity. This is likely due to visible 
lesions on scabies patients being sometimes masked by eczema or impetigo or is 
atypical (Walton and Currie, 2007). Another diagnostic option is dermatoscopy, might 
be informative in patients where it is difficult to obtain skin scrapings from patients, 
particularly in infants (Guldbakke and Khachemoune, 2006), but due to equipment 
cost, this practice is uncommon worldwide especially in Pakistan. 
Serological tests for the detection of scabies infestation for the diagnosis of 
sarcoptic mange in pig herds are relatively fast and convenient but the reliability of 
these enzyme-linked immunosorbent assay (ELISA) based tests is questionable. It has 
been observed that the serological responses to infestation may appear much later than 
the clinical symptoms and this technique is entirely dependent on the availability of 
mites for the extraction of antigens (Van Der Heijden et al., 2000). Due to the 
unreliability of present diagnostic methods for human scabies, there is a great need for 
the development of a reliable serodiagnostic test. Since there is no culture system 
available for S. scabiei var. hominis, a specific antigen for human scabies would have 
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to be produced recombinantly. From the S. scabiei var. hominis, the cysteine protease 
and a fragment of apolipoprotein shown to be scabies specific antigens in IgE ELISA 
tests (Walton et al., 2010). The apolipoprotein considered as potentially valuable 
serodiagnostic agent as it has been proved to be highly specific for scabies and does 
not undergo cross reactivity with house dust mite allergens (Jayaraj et al., 2011). 
1.9 MITE ALLERGENS AND SENSITIZATION 
Scabies is inflammatory allergic skin dermatosis where skin infestation due to 
mite always directs to the progress of local cutaneous irritation, pruritis and skin 
abrasions. The rash and itch associated with scabies is probably a manifestation of host 
immune response. The immunologic responses in scabies are not well known. The rash 
takes about 4 weeks to develop after primary infestation (Mellanby, 1944).  
An allergen is an antigen eliciting IgE antibody mediated immune responses. 
Allergens can derive from a variety of sources including, latex, food, medicine, 
venoms, furred animals, cockroaches and mites (Thomas et al. 2005). The 
development of allergy occurs when normally harmless environmental substances, 
termed allergens, stimulate a T helper 2 cell (Th2) response by the body’s immune 
system facilitating the development of specific IgE antibodies.  
Type 1 (immediate) hypersensitivity, or allergy, is mediated by the 
development of IgE to normally harmless environmental substances. Allergic reactions 
range from mild to severe and may present as asthma, rhinitis, urticaria, dermatitis, 
eczema (Bhalla and Singh, 2007).  Allergen contact may occur via the respiratory tract, 
digestive tract, skin contact or parenterally. 
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Successive allergen revelation mediates an allergic reaction with clinical 
manifestations ranging from mild to severe in nature (Bhalla and Singh, 2007). From 
different studies it has also been determined that fecal material and mite bodies are the 
allergens source. The digestive tract of mite release allergens which are associated 
with mite fecal matter. The mite saliva from feeding and soluble protein in body fluids 
released after death and enzymes involved in molting process are also potential sources 
of other allergens (Arlian and Platts, 2001).  
As scabies is difficult to diagnose due to difficulties in isolation of Sarcoptes 
mite on the human host in ordinary scabies (Burgess, 1944) and physical signs 
confounding with other skin diseases especially eczema or impetigo (Walton and 
Currie, 2007). Also there is no system for in vitro propagation of Sarcoptes scabiei for 
antigen preparation. Therefore, the allergen identification will aid in developing tools 
for scabies diagnosis and assist in better control of scabies where it is endemic (Walton 
et al., 2010).  
Sarcoptes scabiei show homology with the number of house dust mite 
allergens i.e. Group 3 serine protease allergens (Holt et al., 2003), the Group 8 
glutathione S-transferase (GST) allergens (Pettersson et al., 2005), the Group 11 
paramyosin allergens (Mattsson et al., 2001) and Group 14 apolipoprotein allergens 
(Fischer et al., 2003; Harumal et al., 2003; Jayaraj et al., 2011). Of these allergen 
groups, group 3 has been typified as trypsin-like protease and is related to 
chymotrypsin and trypsin (Rawlings and Barrett, 1994) and secreted in gut of mite 
(Holt et al., 2003). Moreover ordinary and crusted scabies patients, Sarcoptes scabiei 
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cysteine proteases (Group 3) and apolipoprotein (Group 14) have particular IgE 
responses (Walton et al., 2010). For the scabies the recognition of immunoreactive 
allergens would assist the development of advanced diagnosis and probable 
immunotherapy. Consequently, more useful management of mite infestation at both an 
individual and a community level can be achievable. 
The present study has been designed to investigate the species diversity of 
Sarcoptes scabiei in Pakistan. The study aims at genetic and molecular 
characterization of Sarcoptes scabiei and documentation of allergies in the Pakistan. 
This study will be the first formal report of diversity of Sarcoptes scabiei in this 
region. Genome and allergen analysis will help to identify any polymorphism at 
genetic and protein levels in Sarcoptes scabiei. 
The current study was designed with the following objectives: 
 Study the diversity of Sarcoptes scabiei by molecular characterization from 
Pakistani human population.  
 Molecular Characterization of Sarcoptes scabiei allergens from Pakistan   
  
11 
 
Chapter 2 
STUDY THE DIVERSITY OF SARCOPTES SCABIEI BY MOLECULAR 
CHARACTERIZATION FROM PAKISTANI HUMAN POPULATION 
2.1 INTRODUCTION 
From various hosts, more than 15 diverse varieties or strains have been 
depicted, although morphologically, they come out to be similar but cross-infestation 
experiments (Arlian et al., 1984) and molecular epidemiology studies (Van Neste, 
1986; Walton et al., 1997) show obvious physiological and genetic variations between 
host strains. Identification based on morphological taxonomic status of S. scabiei and 
developmental characteristics often yield ambiguous results. As in the adult stage 
species are taxonomically complex and morphologically very similar, it is difficult to 
discriminate them with accuracy (Colloff and Stewart, 1997). Thus, phenotypically it 
is still debatable whether S. scabiei is a single species or variable varieties with respect 
to their host (Andrews, 1983). 
Advances in molecular studies were greatly improved with the advent to 
sequence the genome of S. scabiei var. hominis giving future promise of access to a 
wealth of genetic data (Mounsey et al., 2012). Regarding this Weeks et al. (2000) 
evaluated PCR as a tool for assessing genetic diversity and for studying population 
structure, phylogenetic relationships, and relatedness among individuals and even for 
genomic mapping. Moreover, Amplified fragment length polymorphism (AFLP) 
fingerprinting for assessing intraspecific variations and genome mapping in mites in 
Netherlands, stating that this method is valuable as well as repeatable and also
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can be used even on an organism with no previous molecular information available. It 
is also measured as a useful tool in acarological research. Molecular markers have 
applicability in study diversity in acarologyand also in recognition of taxonomically 
difficult species and also important in understanding population structure and 
phylogenetic relationships in mites (Navajas and Fenton, 2000). 
2.2 REVIEW OF LITERATURE 
Molecular characterization provides an important tool for exploring the 
nucleotide sequences of highly conserved regions of ribosomal DNA, mitochondrial 
genes and internal transcribed spacer regions used routinely for detection and 
phylogenetic study (Cruickshank, 2002). 
2.2.1 Microsatellite Marker 
Microsatellites are repetitive regions of DNA and are widespread in genomes 
of both eukaryotes and prokaryotes (Field and Wills, 1998; Tóth et al., 2000). In field 
of genetics, microsatellites have different purpose including genetic conservation, 
population genetics, molecular breeding and paternity testing (Oliveira et al., 2006).  
The advancment of molecular biology tools has offered innovative and novel 
approach (Zahler et al., 1999; Walton et al., 2004); particularly, microsatellites are a 
helpful for the analysis of S. scabiei and the association among hosts. Microsatellite 
study maintains the status of S. scabiei as a distinct highly variable species with varied 
strains with evident physiological host-specificity (Walton et al., 2004; Alasaad et al., 
2012). The microsatellite markers applicabality to establish derivation in the animal 
trade by parasitic infection has been reported by Alasaad et al. (2008). 
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Walton et al. (1997) revealed that DNA fingerprinting system using 
microsatellite markers provides powerful implication in the treatment and control of 
scabies, as well as for understanding the biology, taxonomy and epidemiology of 
parasites. It also assists in studying relationship between and within populations and 
has also proved to be helpful in genetic mapping. In another study using molecular 
fingerprinting Walton et al. (1999) showed genetic differences between populations 
which are distinct geographically, and even between different people in the same 
household. Individual mites were genotyped from crusted scabies patients and the 
results signify that sequential populations of mites were more alike genetically to each 
other than to mites from other patients (Walton et al., 1999). 
Alasaad et al. (2008) examined the genetic diversity from Iberian ibexes in 
Spain using microsatellite markers among S. scabiei individuals related to diverse skin 
subunits of the body. This study revealed the nonrandom distribution of S. scabiei after 
a single infestation. A temporal analysis of Pyrenean chamois, red deer, roe deer and 
red fox by Alassad et al. (2011) using one multiplex of 9 microsatellites found little 
change. The analysis of 11-years interval period suggested no significant variation 
over time in the genetic diversity at nine polymorphic loci of Sarcoptes mite. Gakuya 
et al. (2011) also evaluated the gene flow from diverse hosts and geographic areas 
between isolates of S. scabiei using specific Sarcoptes mite microsatellites involving 
the two herbivore and two carnivore derived Sarcoptes populations from Kenya. 
Sarcoptes scabiei in the sympatric Pyrenean chamois, red deer, red fox and Iberian 
wolf in Asturias and Spain showed genetic epidiomology with two main host-derived 
Sarcoptes mite populations (Oleaga et al., 2012). Analysis by using 9 microsatellite 
14 
 
 
 
markers revealed the highest genetic diversity among Iberian wolf derived Sarcoptes 
populations, including two different subpopulations: one similar to the herbivore-
derived Sarcoptes populations, and another similar to carnivore (fox)-derived 
Sarcoptes mite population. 
2.2.2 Mitochondrial Genes 
The mitochondrial genome (mtDNA) generally has 36 or 37 genes with a non-
coding sequence because of its function in replication and transcription of mtDNA 
molecules named as control region (CR) (Jansen, 2000). Among mitochondrial genes, 
12s rDNA is much conserved and explain the phylogeny of phyla or subphyla. For 
families mainly 16s rDNA is used for phylogenetic analysis (Hwang and Kim., 1999). 
As the few sites differ in the DNA of the 12S and 16S rRNA mitochondrial genes so it 
is used to evaluate relationships with recently diverged populations (Simon, 1991).  
Walton et al. (2004) used both 16S and CO1 mitochondrial DNA to evaluate 
the genetic epidemiology of S. scabiei in Northern Australia by analyzing 
intraspecifiic relationship of S. scabiei var. hominis with S. scabiei var. canis. The 
genetic separation of dog and human derived scabies mites is significant for 
development of diagnostic techniques and in implication of vaccine and as well as for 
assessing drug resistance in S. scabiei. 
Mites derived from chamois and fox populations in northern Europe were 
examined for genetic variation by Berrilli et al. (2002), using the 16S rRNA gene. The 
grouping in mite population due to geographic distribution determined by 16S but no 
association between hosts was determined when mitochondrial and nuclear markers 
15 
 
 
 
were used. The monospecificity of the genus Sarcoptes was reported by Zahler et al. 
(1999) in Germany that there was no delimitation between individual genotypic 
groups. The study also showed that the correlation with geographic origin or host 
species is not evident verifying that Sarcoptes is a single genus and heterogeneous 
species. While Skerratt et al. (2002) reported 12S gene as an appropriate marker of S. 
scabiei from wombat, dogs and human. So, that said mites are closely linked and 
diverged from common ancestors.  
The information regarding polyphyletic relations between different strains was 
based on short uninformative fragments of mitochondrial. Amer et al. (2014) studied 
the molecular analysis of S. scabiei in Egypt. The sequence analysis of the CO1 and 
16S rRNA genes showed the presence of both host-adapted and geologically secluded 
S. scabiei population. 
2.2.3 rDNA internal transcribed spacer (ITS-2) 
rDNA ITS-2 gene sequencing is also a very promising method to enlighten 
population structure, explore phylogenetic relationships and identify taxonomically 
difficult species in acarology (Fukuyama et al., 2010). Zahler et al. (1999) used ITS-2 
as genetic marker and concluded that Sarcoptes is a single and heterogeneous species 
which are closely associated and deviated from a common ancestor. On the contrary 
Alasaad et al. (2009) investigated the relationship among and determined that ITS-2 
was unable to demonstrate any geological or host-specific clustering. The genetic 
difference between mites was studied by Berrilli et al. (2002), derived from red foxes 
and two wild ungulates viz; Alpine chamois and Pyrenean chamois in North Italy and 
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Northwest Spain. A nested PCR targeting ITS-2 found to be more sensitive and 
powerful mean for the phylogenetics studies of S. scabiei in wild animals 
(Cruickshank, 2002). There is no host segregation or geographical isolation was shown 
by the sequences of ITS-2 in a study carried out on Farm Animals in Egypt (Amer et 
al., 2014). All of these studies are on animal derived mites not human derived mites. 
2.3 MATERIALS AND METHODS 
2.3.1 Study Area for Sample Collection 
2.3.1.1 Ethical approval 
Ethical Approval for this study was granted by the Dean, Faculty of Sciences 
and Executive Directors of different hospitals. All skin scraps from scabies infested 
patients and blood samples were collected after the researchers received written 
informed consent from participating individuals. The informed consent used plain 
language statements and scabies information flipcharts to educate patients about the 
study prior to signing of consent form.  
2.3.1.2 Study area 
The present study was conducted at different regions of Pakistan including 
Pothwar region, Southern Punjab regions and Sindh. Samples were obtained from 
different government hospitals with the help of dermatologists. All patients included in 
the study belong to rural and urban areas mentioned in Figure 4. The areas involved in the 
study shared the disadvantage of overcrowded living conditions.  
The primary areas from where patients belonged includes  
1. Six major government hospitals of Islamabad and Rawalpindi. 
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2. The major division and districts of Southern Punjab i.e. Multan, D. G. Khan, 
Layyah, Rahim Yar Khan, Gujar Khan, Muzaffargarh, Bhakkar and Tobatek  
Singh.Larkana, Sakhar, Ghotki and Hyderabad are the major district of Sindh 
from where samples were collected.  
2.3.2 Collection of Sarcoptes Mites from Scabies Patients 
Adult Sarcoptes mites used in experimental procedures were collected from 
scabies patients visiting the selected hospitals. The skin scrapings were obtained using 
sterile surgical blades no. 15 as described by Fthenakis et al. (2000), according to 
which approximately 1 cm2 of skin lesion area was pinched with the forefinger and 
thumb by holding the blade at 90 degree to the skin surface as shown in plate 1. The 
Sarcoptes mites were also isolated from infected scabies skin as described by 
Granholm and Olazewski (2005). In accordance with this method a magnifying glass 
was used held at 5 to 10 degree angle to the skin surface and mites were isolated with 
the help of a needle from the burrows of infected skin, shown in plate 2. Collected 
adult Sarcoptes mites were placed in 70 percent ethanol and individual mite from each 
patient was stored independently at 4 oC before DNA extraction.  
2.3.3 DNA Extraction, Amplifiation and Sequencing 
2.3.3.1 Preparation of Sarcoptes mite DNA 
 Sarcoptes DNA was prepared by modification of Hotshot and Thermalshock 
procedure by Alasaad et al. (2008). About 100 mites were placed individually into 
thermal cycles tubes. 25 µl of alkaline lysis reagent (25 mM NaOH, 0.2 mM EDTA 
pH=12) was added to each tube and three cycles of thermal shock was applied, aiming 
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Figure 2.   Study sites in different areas of Pakistan
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Plate 1. Infested patient body site (wrist) from where skin 
scrapings were taken with the help of surgical blade. 
 
 
 
Plate 2. C-Shaped burrow (palm) from where whole Sarcoptes 
mite was taken with the help of needle.
Site from where skin 
scrapings were taken 
Burrow from where whole 
Sarcoptes mite was taken  
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to disrupt the mite exoskeleton. The cycles consisted of freezing step of 4 minutes at -
70°C followed by thawing step of 15 seconds at 70°C.  
The samples were heated at 95°C for 30 minutes. After heating, the samples 
were cooled to 4°C and 25 μl neutralizing reagent (40 mM Tris-HCl pH=5) were 
added to each sample. The resulting buffer from the combination of the two reagents 
consisted of 20 mM Tris-HCl (pH 8.1) and 0.1 mM EDTA, which was similar to the 
traditional DNA storage buffer. The concentration of DNA was checked on nanodrop 
(NanoDrop 2000 Spectrophotometer) and stored at -20°C until required. 
2.3.3.2 Sarcoptes mite DNA specific primers 
 Sarcoptes scabiei DNA specific primers for species identification are those 
published previously in molecular studies viz; Sarms1, Sarms 15, Sarms 20, 16 S 
D1/D2 (Walton et al., 2004) and ITS-2 (Wong et al., 2011). The data regarding primer 
sequences, PCR product sizes and annealing temperature are given in Table 1. 
2.3.3.3 PCR analysis 
 The efficiency of the DNA extraction method was evaluated by performing 
PCR reactions. The PCR reactions were performed in a Gene Amp-thermocycle 
rBiosystem, Foster City, California, USA). The components used in PCR reactions 
consisted of the total volume of 25 μl. PCR mixture composed of 1 μl of single 
Sarcoptes DNA, 500 μM of each dNTP, 10 μM of each primer, 2 μl of 10X PCR 
buffer (Applied Biosystems: containing 10mM TrisHCl, pH 8.3; 50mm KCl; 1.5mm 
MgCl2) and 0.5 μl (1 U/ μl) Taq DNA polymerase (Fermentas). 
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Table 1. Primers used for sequencing and amplification of Sarcoptes mite 
Sr. No. 
Primer 
Name 
Primer Sequences 5΄ to  3΄ 
Primer Size 
(bp) 
PCR 
Product Size 
(bp) 
Annealing 
Temperature 
(°C) 
1. 
 
2. 
 
3. 
 
4. 
 
5. 
 
Sarms 1-F 
Sarms 1-R 
Sarms 15-F 
Sarms 15-R 
Sarms 20-F 
Sarms 20-R 
16S D1 
16S D2 
ITS-2 F 
ITS-2 R 
GAATTCAAAACAAACACCTAGT 
GAATTCATGAATCTGATGAAAATG 
ATTAAATCATTGCACAATAGAGCG 
CTACCATTAATTTTTTCCACCCTC 
GATGAAAACGAGTAGGTGGATAG 
CGTCTCTAGACCTATTGCTGGAAC 
CTAGGGTCTTTTTGTTCTTGG 
GTAAGTATACGTTGTTATAAC 
CGACTTTCGAACGCATATTGC 
GCTTAAATTCAGGGGGTAATCTGC 
22 
24 
24 
24 
23 
24 
21 
21 
21 
21 
120-200 
 
120-200 
 
120-200 
 
460 
 
400 
 
49 
 
5 
 
48 
 
57 
 
56 
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2.3.3.4 Agarose gel electrophoresis and band scoring 
The amplified product was run on a one percent agarose gel prepared in 1X 
Tris borate ethyl dimethyl tetra acetic acid (TBE) buffer (Boric acid 110 gm, Tris Base 
216 gm 0.5 M EDTA 80 ml, 1 L; pH 8.5). For gel electrophoresis, Maxicell 
electrophoretic gel system (ST Petersberg Florida, USA) was used. To the  5 µl DNA 
sample, 5 µl of Orange G dye (Orange G 0.25 gm, Ficoll 20 gm, 0.5M EDTA 20 ml, 
dH2O 80 ml) was added, mixed and loaded in wells with a micropipette. The DNA 
ladder of 100 bp (Thermo Fisher Scientific, GeneRuler 100 bp ladder) was loaded in a 
well for size reference. The gel was placed on a transilluminator in order to visualize 
the DNA (Syngene, Cambridge, UK), (UV light of wavelength 254 nm). The size of 
PCR product was then estimated according the band, in the ladder, that had migrated 
to the same distance as Sarcoptes DNA sample made it possible to equate the sample 
band size to the one in the ladder. 
2.3.3.5 Amplicon sequencing 
The purified PCR products were directly cycle-sequenced from both directions 
and sequenced directly by using Big Dye® Terminator v3.1 cycle sequencing kit in an 
ABI 310 genetic analyzer (Applied Biosystems, Foster City, USA) according to 
manufacture instructions. 
2.3.3.6 Phylogenetic analysis 
 Sequences were assembled using ChromasPro (version 1.5) software. Genetic 
relationship among individual mites was examined by aligning Pakistani Sarcoptes 
sequences with the reported sequences in NCBI database using ClustalW 
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(http://www.ebi.ac.uk/Tools/msa/clustalw2/). Moreover, Neighbor joining (NJ) 
analysis and genetic distance was calculated in MEGA ver. 6, based on Kimura 2-
parameter index measured by bootstrapping over 500 replicates. NJ tree was 
established to determine phylogenetic relationship among different varieties of 
Sarcoptes mites in different geographic areas.  
2.4 RESULTS 
2.4.1 Genetic Composition of S. scabiei var. hominis Population 
 The genomic DNA (gDNA) from 50 mites, collected from the scabies patients 
(n= 50), visiting dermatological department of hospitals, located in different areas of 
Pakistan. The gDNA was amplified from different set of microsatellites, ITS-2 and 
mitochondrial primers as mentioned in Table 1 in order to determine the genetic 
composition of population.  
2.4.1.1 Microsatellite markers of S. scabiei 
2.4.1.1.1 Allelic variability between populations 
Microsatellite primers (Sarms1, Sarms15 and Sarms20) were used to perform 
PCR on 50 individual mites obtained from 50 patients of Pothwar region and Punjab, 
Pakistan. The gDNA from each mite was amplified with each of the three sets of 
primers in independent reactions. PCR product from each reaction, specific to each 
mite was then loaded on gel lane. Size determination of product was estimated by 
comparison with DNA ladder. A characteristic band size was observed for each mite 
with number of alleles and band sizes between 100 to 200 bp for each microsatellite 
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marker, with some of the mite determine the existence of null allele. Two alleles of 
band size of 170 bp and 200 bp were obtained from two different populations with 
Sarms1 primer as shown in plate 3. With Sarms15, allele of 100 bp and 130 bp was 
obtained with two different populations as shown in plate 4. Alleles of 140 bp and 180 
bp were also obtained with Sarms20 primer (Plate 5). 
2.4.1.1.2 Allelic variability within population 
In order to determine the genetic variability within single population, 37 mites 
were obtained from one crusted scabies patient and assessed individually.  The band 
patterns from 37 mites are shown; each mite had a distinct band pattern when run with 
Sarms1, Sarms15 and Sarms20. With Sarms1, four alleles were observed as it has been 
demonstrated in plate 6 between 100 and 200 bp. With Sarms15 and Sarms20, two and 
three alleles were obtained with null alleles (Plate 7 and 8). The characteristic of S. 
scabiei alleles are mentioned in Table 2.  
2.4.1.1.3 Sequence analysis 
 One of the amplicons was randomly picked from each Sarms1, Sarms15 and 
Sarms20, but Sarms15 and Sarms20 were not properly sequenced. Only Sarms1 
sequence of 166 bp of was obtained and submitted in GenBank (Accession No. 
KT033765). The sequence was subjected to BLAST (http://blast.ncbi.nlm.nih.gov/) 
and the result revealed that S. scabiei var. hominis from Pakistan exhibits 100% 
sequence identity with S. scabiei var. hominis from Australia (Accession no.U71442)  
(Walton et al., 1999) (Figure 3). When sequences for Sarms15 and Sarms20 were 
searched on NCBI database, only one sequence each was found from Australia. 
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Plate 3. PCR amplification of S. scabiei var. hominis DNA with Sarms1. (A) Lane 1-9: 
Amplified products representing one allele from one population. (B) Lane 1-6: 
Amplified products demonstrating two alleles from other population. M: 100 
bp marker (Thermo Fischer Scientific). 
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Plate 4. PCR amplification of S. scabiei var. hominis DNA with Sarms15. (A) Lane 1-
6: Amplified products representing one allele from one population. (B) Lane 
1-11: Amplified products demonstrating two alleles from other population. M: 
100 bp marker (Thermo Fischer Scientific).  
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Plate 5. PCR amplification of S. scabiei var. hominis DNA with Sarms20.  (A) Lane 1-
10: Amplified products representing one allele from one population. (B) Lane 
1-7: Amplified products demonstrating two alleles from other population. M: 
100 bp marker (Thermo Fischer Scientific).  
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Plate 6. PCR amplified products with Sarms1 of thirty seven Sarcoptes scabiei DNA obtained from one person.  Lane 1-37. 
Amplified product from one crusted scabies individual demonstrating five alleles (lane 6, 21, 23, 24, 25, 27, 31, 32, 34 
and 37) and null alleles in the empty lanes. M: 100 bp marker (Thermo Fischer Scientific). 
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Plate 7. PCR amplified products with Sarms15 of thirty seven Sarcoptes scabiei DNA obtained from one person.  Lane 1-37. 
Amplified product from one crusted scabies individual demonstrating two alleles and null alleles in the empty lanes. 
M: 100 bp marker (Thermo Fischer Scientific). 
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Plate 8. PCR amplified products with Sarms20 of thirty seven Sarcoptes scabiei DNA obtained from one person.  Lane 1-37. 
Amplified product from one crusted scabies individual demonstrating three alleles (lane 24, 25, 29, 34, 35, 36 and 37) 
and null alleles in the empty lanes. M: 100 bp marker (Thermo Fischer Scientific). 
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Table 2. Characteristics of S. scabiei microsatellites  
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2.4.1.2 rDNA (ITS-2) of S. scabiei 
The gDNA was isolated from total number of 50 mites. The total number of 
samples was subdivided into 50 samples representing different mite populations. Due 
to amplification/ sequence failure, the final analysis was based on two sequences for 
each genomic region. The characteristic band size of 400 bp appeared on the gel as 
mentioned in plate 9. No size variation was observed among individuals examined 
from all regions. The mean G+C content of these two sequences was 37.9%.  
2.4.1.2.1 Sequence analysis  
Data revealed that in PCR amplicons, no variation in size was monitored 
among the examined individual mites. As all the sequences of ITS-2 of the individual 
Pakistani mite were 404 bp in length. The final analysis was based on two sequences 
(ITS-2Pak1 and ITS-2Pak2) having 404 bp in length. The sequence alignment of ITS-
2Pak1 and ITS-2Pak2 was performed with S. scabiei var. hominis ITS-2 sequence 
reported in Japan Figure 4.  
2.4.1.2.2 Intra-insulate genotypic deviation 
2.4.1.2.2.1 ITS-2Pak1 
The ITS-2 sequence of ITS-2Pak1 (Accession no: KJ409446) was compared 
with S.s var. hominis ITS-2 sequence reported (Accession no: AB535737) in Japan 
(Kagoshima) by Fukuyama et al. (2010). In comparison with ITS-2Pak1 three variable 
sites were determined with fixed nucleotide substitutions. At the 68 position A 
nucleotide instead of G, similarly at 235 again A instead of G while at 235 T instead of 
A nucleotide were reported as shown in Table 8. 
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Figure 3. DNA sequence alignment of S. scabiei var. hominis Sarms1. The DNA 
sequence alignment of the S. scabiei var. hominis Sarms1Pak of 166 bp and S. 
scabiei var. hominis Sarms1Aus of 151 bp (Accession no. U71442). Using 
CLUSTALW2 (version 2.1) with a sequence identity of 100%. Identical 
nucleotides are indicated by asterisks (*). Colons (:) indicate strongly similar 
DNA properties. Periods (.) indicate weakly similar DNA properties. 
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(A)         (B) 
Plate 9. PCR amplification of mite DNA with ITS-2.  (A) Lane 1-8: Amplified product 
of S. scabiei var. hominis DNA with ITS-2. (B) Lane 1-8: Amplified product 
of S. scabiei var. hominis DNA with ITS-2; Lane 9-16: Amplified product of 
D. farinae DNA with ITS-2.  M: 100 bp marker (Thermo Fischer Scientific). 
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Figure 4. DNA sequence alignment of S. scabiei var. hominis ITS-2. ITS-2 sequence 
alignment of the S. scabiei var. hominis ITS-2Pak1 and ITS-2Pak2 with S. 
scabiei var. hominis ITS-2 Japan (Accession no. AB535737). Using 
CLUSTALW2 (version 2.1) with a sequence identity of 100%. Identical 
nucletides are indicated by asterisks (*). Colons (:) indicate strongly similar 
DNA properties. Periods (.) indicate weakly similar DNA properties. 
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2.4.1.2.2.2 ITS-2Pak2 
Similarly, ITS-2Pak2 sequence (Accession No.: KR010367) was also 
compared with same Japan S. scabiei var. hominis ITS-2 sequence (Accession no: 
AB535737) by Fukuyama et al. (2010). Now the result pointed towards only two 
variable sites at 68 and 235 with fixed nucleotide substitutions. Furthermore, within 
theses variable sites the same nucleotide replacement and placement were observed i.e. 
A instead of G (Table 3). 
2.4.1.2.2 Inter-insulate genotypic deviation 
Additionally, comparison of S.s var. hominis ITS-2 sequences were done with 
148 ITS-2 S. scabiei sequences of 13 different wild animals reported by Alasaad et al. 
(2009) in GenBank (Accession numbers AM980676-AM980823) in order to determine 
diversity among different varieties of Sarcoptes mites isolated from different hosts in 
different geographic regions i.e. Switzerland, Italy, France and Spain  
2.4.1.2.3 Phenogram 
S. scabiei var. hominis Pothwar-Pak isolates were characterized by two 
transitions and one transversion i.e. two R in both isolate1 (Pothwar-Pak-1) and 
isolate2 (Pothwar-Pak-2) and one M in isolate1 (Pothwar-Pak-1) sequence. The said 
sequences with three polymorphic sites have 98% intra-isolate identity. Tested isolate 
sequences formed a cluster on the tree collectively with reference sequences from 
GenBank belong to different geographical regions being studied. These sequences 
formed three main sub-clusters on the NJ tree. By comparing our S. scabiei isolates 
from other regions, Pothwar-Pak isolate sequences form branches arise from common 
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Table 3. Polymorphisms detected in the ITS-2 for the individual Pakistani S. scabiei 
var. hominis 
Individual Mites Nucleotide Positions 
     68     235 272 
S.s var. hominis ITS-2 Japan 
 
G 
 
A 
 
 
A 
 
G 
 
A 
 
 
A 
 
A 
 
T 
 
 
A* 
S.s var. hominis ITS-2 Pak1 
S.s var. hominis ITS-2 Pak2 
* Indicate identity with S.scabiei var. hominis Japan ITS-2 Sequence 
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ancestral node of sheep isolate from Egypt to show no genetic variation (Figure 5). 
Phylogenetically ITS-2 sequences from animal isolates from Italy, Spain, Switzerland 
and Egypt in the tree does not depict any genetic relationships between individual 
mites. Observed specifics do not provide any evidence for any specific group 
encompassing mites from different hosts and geographic regions. The estimate of 
average evolutionary divergence of over all ITS-2 sequence pairs is 0.001 M. The low 
approximation of genetic divergence may represent that sequences do not show 
independent genetic changes through time. As a result having no significant impact on 
the genetic structure of mite populations and exhibiting low polymorphic rate of 
0.35%. 
2.4.1.3 Genetic Comparison between S. scabiei and D. farinae ITS-2 sequences  
The gDNA was isolated from house dust mite (HDM) species i.e. 
Detmatophagoides farinae. ITS-2 of the nuclear ribosomal DNA was amplified 
individually. The sequences of ITS-2 of the individual mite were 375 bp in length 
(plate 9).  
2.4.1.3.1 Sequence analysis 
ITS-2 regions were successfully amplified from D. farinae with the part of the 
flanking 3ˊ end of the 5.8S and 5ˊ end of the 28S rDNA coding regions. The length of 
the ITS-2 sequences varied between 335 bp and 404 bp for both astigmatid mites as 
shown in plate 9. ITS-2 sequences of both mites show differences in terms of its length 
because of insertions and deletions at several sites. Three variable sites were also 
determined for D. farinae i.e. at 97, 174 and 281 positions in the ITS-2 sequences of 
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Figure 5. Neighbor-Joining tree showing genetic relationship of Pakistan isolates to sequences in the database based on ITS-2 
sequences. 
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D. farinae by comparing with reported ITS-2 sequences of D. farinae from Japan in 
NCBI nucleotide databas (Accession No. AB105001) and from China (Accession No.   
GQ205597- GQ5603) (Noge et al, 2005; Yang et al., 2011). One deletion of nucleotide 
A is obtained at base pair number 214 in D. farina ITS-2 sequences. Tandem repeats 
of nucleotide (AAA)n, (TTT)n and (GATT)n were observed in the ITS-2 region of 
astigmatid mites. The AT content is relatively high in percentage about 31% (Figure 
6). 
2.4.1.3.2 Genetic Distance between S. scabiei and D. farinae 
 The inter- and intraspecies evolutionary analyses were conducted in MEGA5.2 
(Tamura et al., 2011) as shown in Table 4 by comparing reported ITS-2 sequences of 
China and Japan with Pakistani S. scabiei and D. farina. The overall mean distance 
among astigmatid mites is 0.1359.  
2.4.1.3.3 Phenogram 
Neighbor joining (NJ) analysis and genetic distance was calculated in MEGA 
ver. 6, based on Kimura 2-parameter index measured by bootstrapping over 500 
replicates. NJ tree was established to determine phylogenetic relationship between two 
astigmatid mites (Figure 7).  
2.4.1.4 Mitochondrial DNA of S. scabiei 
Similarly, the gDNA was isolated from total number of mites. The total 
number of samples was subdivided into samples representing different mite 
populations. The 16S amplicons were individually amplified.based on two sequences 
randomly picked  for  each  genomic  region.  The characteristic band size of 400 bp  
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Figure 6. DNA sequence alignment of D. farinae ITS-2. The ITS-2 sequence alignment 
of the Der.fPak1 and Der.fPak2 with D. farinae ITS-2 reported (Accession no. 
AB105001). Using CLUSTALW2 (version 2.1) with a sequence identity of 
100%. Identical nucletides are indicated by asterisks (*). Colons (:) indicate 
strongly similar DNA properties. Periods (.) indicate weakly similar DNA 
properties. 
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Table 4. Estimates of Evolutionary Divergence between S. scabiei and Der. f sequences. 
 Mite 
Species 
             
  1 2 3 4 5 6 7 8 9 10 11 12 13 
  CnDf-4 CnDf-5 Japan Df PakDf1 PakDf2 CnDf-3 CnDf-7 CnDf-1 CnDf-2 CnDf-6 PakSs1 PakSs2 Japan Ss 
1 CnDf-4              
2 CnDf-5 0.0000000             
3 Japan Df 0.0040503  0.0040503            
4 PakDf1 0.0060855  0.0060855 0.0061033           
5 PakDf2 0.0081244  0.0081244 0.0081481 0.0020166          
6 CnDf-3 0.0163848  0.0163848 0.0164324 0.0101684 0.0122175         
7 CnDf-7 0.0164531  0.0164531 0.0165006 0.0102109 0.0122686 0.0061009        
8 CnDf-1 0.0207368  0.0207368 0.0206772 0.0228387 0.0249457 0.0186097 0.0165213       
9 CnDf-2 0.0207368  0.0207368 0.0206772 0.0228387 0.0249457 0.0186097 0.0165213 0.0000000      
10 CnDf-6 0.0207368  0.0207368 0.0206772 0.0228387 0.0249457 0.0186097 0.0165213 0.0000000 0.0000000     
11 PakSs1 0.3285969  0.3285969 0.3350198 0.3314610 0.3343250 0.3408020 0.3375613 0.3314610 0.3314610 0.3314610    
12 PakSs2 0.3250524  0.3250524 0.3314610 0.3279115 0.3307706 0.3372339 0.3340000 0.3279115 0.3279115 0.3279115 0.0020225   
13 Japan Ss 0.3279115  0.3279115 0.3343250 0.3307706 0.3336296 0.3400975 0.3368613 0.3307706 0.3307706 0.3307706 0.0060832 0.0040385  
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Figure 7. Neighbor-Joining tree showing genetic relationship between S. scabiei and 
Der. f sequences based on ITS-2 sequences. 
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appeared on he gel as mentioned in plate 10. No variation in size was observed on the 
gel among the individuals studied from all regions. As with previous reports of AT 
bias in mitochondrial genes in mites, the low G + C content in the 16S gene is steady 
(Berrilli et al., 2002). 
2.4.1.4.1 Sequence analysis  
The partial sequences of 356 bp were both obtained from S. scabiei var. 
hominis Pakistan. The 16S sequence of 16SPak1 and 16SPak2 (Accession no: 
KT020826 and KT020827) was compared with the ten S.s var. hominis 16S sequences 
(accession no: AY493399 - AY493408) from Australia by Walton et al. (2004). S. 
scabiei var. canis reported 16S sequences of four wild animals (Accession No. 
AB821000 - AB821003) from Japan (Makouloutou et al., 2015) and with 28 
sequences (Accession No. AF387675 – AF387730) from different regions of Italy and 
Spain (Berrilli et al., 2001) were also compared. The 16S sequences of S. scabiei from 
Pakistan show differences in terms of its length because of insertions and deletions at 
several sites when compared with sequences of 16S sequences reported in Australia, 
Japan, Spain and Italy. 
2.4.1.4.2 Phenogram 
Pothwar-Pak isolates by mitochondrial 16S rRNA gene (GenBank Accession 
No. KT020826 and KT020827) were showing greater sequence variability as 
compared to ITS-2 sequences. 16S rRNA sequences differed from each other in the 
form of nucleotide substitutions and insertions or deletions and had 99% intra-isolate 
identity. NJ analysis based on 16S clearly showed the presence of two major clusters 
of S. scabiei by host when compared with reported sequences. One of the clusters 
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consists of isolates from wild populations from Italy and Spain with the sequences 
from isolates in fox and chamois. The second cluster comprising of sequences from 
Pothwar-Pak isolates1 and 2 form branches arose from the nodes common with 
Australian human isolates (Fig. 3). The NJ tree placed sequences from all human 
isolates in the basal divergence. The basal cluster for the human Sarcoptes mites also 
contained small branches comprising of wild animal isolates i.e. marten, screw, dog 
and raccoon from Japan (AB21000-AN21003). This cluster also comprised of isolates 
from Buffalo, sheep and dog but they arise from common nodes forming branches 
representing host and geographical isolation. The estimate of average evolutionary 
divergence for 56 16S sequence pairs was 0.424 M. The host and geographical 
isolation could be seen at 16S loci with comparatively low bootstrap values of most 
branches in the phylogenetic tree. This may be due to low polymorphic rate 0.4% as 
there was random distribution of a few nucleotide substitutions at 16S loci. 
2.5 DISCUSSION 
2.5.1 Phylogenetic Analysis of S. scabiei var. hominis 
In order to resolve ambiguity in the genus Sarcoptes, molecular techniques 
have been used to describe the extent of variation within the population(s). So, the 
present study was to investigate S. scabiei var. hominis-Pak population and comparing 
the entity under investigation with reported worldwide sequences. 
2.5.1.1 Microsatellite markers of S. scabiei 
 The three microsatellite markers i.e. Sarms1, Sarms15 and Samrs20 from S. 
scabiei demonstrate that they exhibit polymorphism as allelic variability was 
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determined between and within the populations studied. In the present study five 
alleles for Sarms1, two alleles for Sarms15 and three alleles for Sarms20 have been 
observed as determined by study carried out by Walton et al. (1997) who reported 
eight alleles for Sarms15 and Sarm20, and eleven alleles for Sarms1. Thus these 
polymorphic markers help to observe differences even in relatively homozygous 
populations with variability between populations recognized by assessing their 
respective alleles (Walton et al., 1997). Using these three microsatellite markers, data 
analysis resulted in clear genetic separation between the mites from the humans and 
those from the dogs, as well as additional geographic separation between host-related 
populations (Walton et al., 1999). 
The multi allelic population between and within the population may be the 
result of multiple infective events. The multi allelic population may also indicate that 
the Sarcoptes mites within the human population were heterozygous. As the Sarms1 
sequence of 166 bp from S. scabiei var. hominis exhibited 100 % sequence identity 
with S. scabiei var. hominis from Australia (Accession no.U71442) (Walton et al., 
1999) determined that there is no genetic variation present in S. scabiei population 
present in Pakistan. This result corresponds to the study reported by Zahler et al. 
(1999) which confirmed the view that genus Sarcoptes consists of single, 
heterogeneous species. 
2.5.1.2  rDNA-ITS-2 of S. scabiei 
According to the results revealed by the study carried out in Pakistan using 
ribosomal DNA marker, S. scabiei var. hominis sequences of Pakistan is characterized 
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Plate 10. PCR amplification of S. scabiei var. hominis DNA with 16S. Lane 1-8: 
Amplified product of S. scabiei var. hominis DNA with 16S. M: 100 bp 
marker (Thermo Fischer Scientific). 
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Figure  8. Neighbor-Joining tree showing genetic relationship of Pakistan isolates to 
sequences in the database based on 16S sequences. 
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by two transitions and one transversion i.e. two R in both ITS-2Pak1 and ITS-2Pak2 
and one M in Pak1ITS-2 sequences. Our results are in agreement with results of Zahler 
et al. (1999) who described limited degree of genetic polymorphism by analyzing 23 
pooled samples of mite isolates. Moreover, a total of about 67 variable sites were 
identified in 148 ITS-2 sequences of wild animals belonging to 13 species as studied 
by Alassad et al. (2009). In contrast, Berrilli et al. (2002) showed a higher degree of 
genetic polymorphism isolates from different hosts. This analysis of which separated 
the human derived Sarcoptes mites into two different geographical branches arise from 
same clusters and also divided the animal derived Sarcoptes mites into distinct host 
and geographic groups.  
The results also correspond to the results of Amer et al. (2014) who reported 
that the ITS-2 sequences showed no host segregation or geographical isolation. 
Additionally, the highest inter-insulate identity of 99% was found between varieties of 
different hosts. These results recommend a common gene pool which represents 
existence of a single species. So, the present study suggested the view that different 
varities of Sarcoptes mites belong to different host species and geographic regions is a 
single species because the sequences did not cluster into separate groups. 
2.5.1.3 Genetic Comparison between S. scabiei and D. farinae ITS-2 sequences  
In order to investigate and determine the phylogeny based data of astigmatid 
mites i.e. D. farinae and S. scabiei based on DNA alignment of ITS-2 sequences, we 
compared Pakistani sequences with reported worldwide ITS-2 sequences in NCBI 
database. Previous phylogenetic studies on astigmatid mites studies using ribosomal 
DNA marker by Noge et al. (2005) and Yang et al. (2011) did not include Sarcoptes 
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mites. The comparison of Pakistan D. farinae ITS-2 sequences with the reported 
worldwide sequences characterized by 3 transitions i.e. Y, R and W and comparison of S. 
scabiei var. hominis sequences of Pakistan is characterized by two transitions and one 
transversion i.e. two R in both Pak1 and Pak2 and one M in Pak1 ITS-2 sequences as 
compared to S. scabiei var. hominis ITS-2 sequence from Japan. Sequence copmarison 
cannot be used to discriminate geological populations as had been reported in previous 
studies by Song et al. (2008) and Yang et al. (2011). This implied that the ITS2 region 
was highly conserved in these two astigmatid mites from different areas.  
Fain (1994) represented ecological variability of S. scabiei due to frequent 
interbreeding of different varieties which contribute to the genetic discrimination 
between populations i.e. heterogeneous S. scabiei, as supported in this and previous 
studies. It has been reported by Yang et al. (2011) that intraspecies genetic distance 
was higher than interspecies genetic distances. Phylogenetic studies using the 
Maximum Likelihood method analyses yielded the same topology. Due to morphology 
the mite species were positioned in the phylogeny. As astigmatid mites were difficult 
to diffrenciate morphologically, the ITS-2 region can be used to identify them. 
However, ITS-2 is unable to diffrenciate species geographically (Alasaad et al. 2009). 
Yet, low level phylogeny between astigmatid mites can be studied by ITS-2. 
2.5.1.4 Mitochondrial DNA of S. scabiei 
 According to the results revealed by the study carried out in Pakistan using 
mitochondrial DNA marker, two partial 356 bp S. scabiei var. hominis 16S sequence 
differed from each other by 1-8 bp (0.3-2.5%). The UPGMA tree obtained on the basis 
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of the mitochondrial DNA sequences represented the genetic relationship among 48 
Sarcoptes mite showed two distinct clusters.  
The one cluster consisting of Sarcoptes mite from human host and the second 
comprising wild animals arising from different geographical locations and hosts. The 
results were in accordance with study reported in Egypt by Amer et al. (2014), who 
showed that both host adapted and geographically segregated populations of S. scabiei 
could be characterized by using 16S DNA. At the mitochondrial DNA level, the 
analysis of the partial nucleotide sequences of the region coding for the 16S and 
ribosomal markers have previously been unable to demonstrate any divergence 
between host-associated populations of scabies mites, and only different geographical 
separation (Zahler et al., 1999; Berrilli et al., 2002). The sequence analysis of the 
mitochondrial 12S rRNA gene did not show any significant association between 
haplotypes and host species (Skerratt et al., 2002). Significantly, these later studies did   
not include scabies mites derived from humans. 
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Chapter 3 
MOLECULAR CHARACTERIZATION OF SARCOPTES SCABIEI 
ALLERGENS FROM PAKISTAN  
3.1 INTRODUCTION 
Mite allergens are generally proteins or glycoproteins with molecular weights 
ranging from 11 to 190 kDa. A number of studies have suggested that faeces and 
saliva of mites are the source of many allergens. Enzymes such as proteolytic 
enzymes, originating from the digestive tract of mite are often responsible for host skin 
deterioration (Carswell 1999). Cysteine proteases, trypsins, chymotrypsins, amylases 
and chitinases are also associated with the molting process and causing many allergic 
responses, such as asthma (Rawling and Barrett 1994). 
Proteins identified from S. scabiei have sequence homology (Walton et al., 
2004), enzymatic activity (Molin and Mattsson 2008) and immune system interaction 
(Bergstrom et al., 2009) with house dust mite (Dermatophagoides spp.) proteins. S. 
scabiei encodes homologues of multiples of house dust mite allergens i.e. 
apolipoprotein, glutathione S-transferase and paramyosin. Express sequence tag (EST) 
and cDNA libraries from S. scabiei var. hominis and var. vulpus are now available, 
providing sequence databases (NCBI; National Center for Biotechnology Information, 
http://www.ncbi.nlm.nih.gov), opening new possibilities in scabies research (Fischer et 
al,. 2003). Amongst these allergen groups, Group 3 has been typified as trypsin-like 
proteases , viz., chymotrypsin and trypsin (Rawlings and Barrett, 1994), secreted in 
mite gut (Holt et al., 2003). Group 3  allergens have  specific  allergic IgE responses in 
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both ordinary scabies (OS) and crusted scabies (CS) patients, whereas Group 8 
allergens has been observed as part of pathophysiology associated with CS (Dougall et 
al., 2005). Group 11 paramyosin is a protein of invertebrates muscle (Bessot and Pauli, 
2011), its function in natural protection is still uncertain, though it is immunogenic 
(Huntley et al., 2004). Group 14 apolipoprotein is also an important immunodiagnostic 
molecule and is responsible for production of scabies specific IgE and IgG (Walton et 
al., 2010); it is the third most abundant clone in EST library (Fischer et al., 2003). 
3.2 REVIEW OF LITERATURE 
3.2.1 Allergen Nomenclature 
  In 1986 a standardised system for allergen nomenclature was introduced and 
implemented by the World Health Organisation (WHO) and the International Union of 
Immunological Societies (IUIS). Prior to this, researchers named allergens at their 
discretion, with the same protein potentially having two or more alternate names. This 
system was last revised in 1994 and is the current version in use today (Chapman et 
al., 2003) 
The system of allergen nomenclature is logical and appears to allow for yet 
unknown allergen additions. Allergen names are derived from the first three letters of 
the genus name, the first letter of the species name followed by a number, which refers 
to its order of discovery. Unlike the genus and species nomenclature it is not italicized 
(Chapman et al., 2003). For example tropomyosin and paramyosin from the HDM 
Dermatophagoides pteronyssinus would be written as Der p 10 and Der p 11. 
Isoallergens and allergen isoforms are also accounted for within this system. 
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Isoallergens are allergens that appear in the same species with variance in their 
molecular forms that still retain at least 67% of their amino acid sequence and 
demonstrate a high level of IgE cross-reactivity. Isoallergens share the same name and 
group number plus an additional two numbers (e.g Birch pollen allergen 1 – Bet v 1, 
isoallergen - Bet v 1.01). Isoforms must share at least 90% homology with their 
isoallergenic counterparts and have a further two numbers to distinguish them from 
each other. D. pteronyssinus has a number of isoforms which are numbered from Der p 
1.0101 to Der p 1.0123 (Chapman et al., 2003). 
3.2.2 Cross-Rensitivity 
Cross reactivity occurs in patients sensitized by allergens produced from a 
variety of sources, and is typified into intra-species and inter-species similarity 
reactions. Although, different varieties of S. scabiei are highly host specific, yet some 
immunologically cross reactive molecules introduced into the vertebrate host by each 
variety of scabies responded in different ways (Arlian et al., 1996). It is not uncommon 
for homologous allergens from phylogenetically related organisms to contain similar 
epitopes that may be recognised by sIgE (Fernandes et al., 2003). It appears that an 
increased probability for cross-reactivity to occur in expressed proteins is due to high 
homology in the primary amino acid sequence particularly in house-keeping genes. D. 
farinaei (American HDM) and D. pteronyssinus (European HDM) are cross reactive 
and provoke immunity against S. scabiei infestation in persons previously exposed to 
HDM allergens. There is a positive correlation between scabies and HDM caused 
atopy (Arlian et al., 2000). Cross-sensitivity may be protective, as with cow pox and 
small pox, or may recognize allergens from other sources leading to hypersensitivity, 
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as observed with the profilin proteins in plants (Iorio et al., 2013). This cross-
sensitivity has been observed in IgE binding between allergen homologues of mites, 
insects and shellfish (Fernandes et al., 2003; Sookrung et al., 2006;). Tropomyosin is 
classified as a main shellfish allergen and is cross-reactive with Der p 10, the HDM 
tropomyosin (Fernandes et al., 2003). The group 4 HDM allergen, α-amylase has also 
displayed cross-reactivity (Thomas, 2010). Arginine kinase (AK), the group 20 HDM 
allergen, has also shown to be cross-reactive as demonstrated in the characterization 
study of AK from the Indian-meal moth (Binder et al., 2001). Cross-sensitivity has 
been shown to occur in dogs between S. scabiei and D. pteronyssinus whole mite 
antigens (Arlian et al., 1991; Arlian and Morgan, 2000). 
3.2.3 Tropomysoin 
Tropomyosin, a muscle protein is a Group 10 allergen present in all eukaryotic 
cells and is related with the thin filament in muscle and microfilament in many non-
muscle cells. It helps in regulation of cell morphology and motility besides its role in 
contractile activity of these cells. Tropomyosin and its isoforms are amongst the few 
groups which have a large number of allergens, reported from invertebrate sources 
(Ivancuc et al., 2009; Schevzov et al., 2011) and are considered as pan-allergens 
(Reese et al., 1999).  
3.2.3.1  Structure of tropomyosin 
 Tropomyosin is highly conserved molecule found in different organisms, 
including, shrimps, mollusks, dust mites and cockroaches (Lehrar et al., 2003) with 
80% amino acid sequence homology (Reese et al., 2006). Cross reactivity of 
tropomyosin allergen has been reported among shellfish, insects and dust mites (Song 
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et al., 2009). SDS-PAGE analysis of HDM tropomyosin reveals it is either monomeric 
or dimeric, with two-chain, viz., α-helical loop and F-actin helix (Brown et al., 2005). 
The coiled structure of tropomyosin has a heptad amino acid repeat sequence 
(abcdefg) with higher frequency of glutamate, glutamine, arginine and methionine, and 
the lowest frequency of cysteine and proline (Figure 9 and 10). All mature 
tropomyosin proteins are 284 amino acids long with predicted isoelectric point of 4.3-
4.5. These allergens mostly lack N-glycosylation sites, with some exceptions (Tyr p 
10). Tropomyosin has conserved amino acid residues at both the N- and C-terminus, 
forming head to tail overlaps so that tropomyosin extends over the thin filaments 
(Sousa et al., 2010). 
The low level of interspecific variability in tropomyosin amino acid 
composition is because of its complex association with other proteins involved in the 
process of movement, i.e. residue 137 places a negative charge, and the position of 
aspartate in coiled-coil core affects configuration required for tropomyosin binding and 
regulatory activities on actin (Chuo et al., 2000; Jeffery et al., 2011).  
3.2.3.2 Tropomyosin: a pan-allergen 
Tropomyosin is an important component of immune and allergic reactions (Yi 
et al., 2000), among the HDM group Der f 10 was the first reported tropomyosin 
allergen. This allergen gave a high IgE-binding frequency (80.6%), comparable with 
Der f 10 (90.3%) and Der f 2 (74.2%). Tropomyosin is documented as the most 
important allergen in crustaceans (Shanti al., 1993). It is present in rock lobster (Pan s 
1), lobster (Hom a 1), crab (Cha f 1), squid (Tod p 1), oysters (Cra g 1), mussels (Myt 
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e 1) (Bessot and Pauli, 2011) dust mites (Der p 10) (Chuo et al.,2000) and cockroaches 
(Periplaneta fuliginosa, Per f 7; P. americana, Per a 1; Blattella germanica, Bla g 1) 
(Jeong et al., 2004) and most recently reported among chordates in tilapia 
(Oreochromism ossambicus) (Liu et al., 2013). The high level of homology in amino 
acid sequence permits for immunological cross-reactivity among invertebrate 
tropomyosin (Reese et al., 2006). Subjects having precise immunotherapy with house 
dust mite showed sensitization and allergic signs after ingestion of snails and shrimp 
(Van et al., 1996; Pajno et al., 2000). 
The IgE cross reactivity to prawn extracts observed in people sensitized to Portunus 
pelagicus (Blue swimmer crab) is predominantly due to tropomyosin. The major blue 
swimmer crab allergen tropomyosin, Por p 1 showed high homology with tropomyosin of 
other crustacean species but sequence deviation also observed (Abramovitch et al., 2013).  
An individual developing allergy to a crustacean is at risk of sensitization to 
other species, possibly due to comparatively high possibility of cross-reactivity 
Sequence alignments of Sinonovacula constricta (razor clam) showed that 
tropomyosin has 65-72% homology with other mollusk tropomyosin. For example, 
there is 70-72% identity of S. constricta tropomyosin with Haliotis diversicolor (sea 
ears), Sepioteuthis lessoniana (oval squid) and Helix aspersa (garden squid) 
tropomyosin (Fuller et al., 2006). Tropomyosin from S. constricta has 54–57% 
homology with crustacean tropomyosin, 57% with HDM and 54% with cockroach 
from Ascaris lumbricoides and A. simplex has 90-98% sequence identity while 74-69% 
identity exists between D. pteronyssinus and P. americana tropomyosin (Santos et al., 
2008). Tilapia  tropomyosin  showed 53.5%  homology  to  tropomyosin  from  shrimp  
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Figure 9. Model of molecular arrangement of troponin (TN} subunits, tropomyosin 
(TM}, and actin in skeletal muscle filament (green=Tn-I, red=Tn-C, 
yellow=Tn-T, brown=TM a-subunit, orange=b-subunit and grey= actin}. Note 
adjacent TM molecules overlap head to tail with N-terminus of TN-T lying 
along overlap region. C-terminus of Tn-T interacts with Tn-C and Tn-I, while 
Tn-I also interacts with actin (adopted from Gordon et al., 2000). 
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Figure 10. Coiled structure of tropomyosin, showing close association of hydrophobic 
chains. Coiled-coil dimer is stabilized by hydrophobic and ionic interactions 
(red=hydrophobic, blue=polar, and green=charged}(adopted from Peter, 
1950}. 
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 (Liu et al., 2012). 
Tropomyosin allergens from sheep scab mites (Psoroptes ovis) showed 98%, 
97% and 95% identity to Der f 10, Der p 10 and Lepidoglyphus destructor (Fodder 
mite) Lep d 10, respectively (Nisbet et al., 2006). There is close similarity in 
alignment of nematode (filarial; Onchocera volvulus, Acanthocheilonema viteae and 
Brugia malayi), helminths (Ascaris lumbricoides, Ascaris simplex) mites, cockroaches, 
and crustaceans was observed (Helton et al., 2011). Homology at amino acid level 
among tropomyosin varied between 67 and 98% (Santos et al., 2008).  
Tropomyosin protein present in S. scabiei is reported to be a heat stable 
dialysable allergen of approximately 35 kDa MW (SDS-PAGE} (Trigan, 2006). SDS 
PAGE analysis of sheep scab (Psoroptes ovis) indicated that Group 10 allergen 
(tropomyosin) is highly conserved with approximately 75% sequence homology with 
other arthropod tropomyosins (Huntley et al., 2004).  
Recent studies to characterize and evaluate S. scabiei tropomyosin reported 
high homology with D. farinae (Der f 10, 83.90%), D. pteronyssinus (Der p 10, 85.26 
%), Psoroptes ovis (85.03%) and other arthropods i.e. Boophilus microplus, 
Haemaphysalis longicornis, Lepidoglyphus destructor (72%-82%) (Zhang et al., 
2012). In all the studies it has been reported after bioinformatic analyses that alpha 
helix folding probability was low in invertebrate tropomyosin as compared to 
vertebrate, except for the Atlantic blue fin tuna Thunnus thynnus tropomyosin. The 
immunogenicity of tropomyosin may be due to lack of alpha helix folding. In the 
invertebrate tropomyosin particularly, the regions adjacent to the positions 133–135 
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and 201 of alpha helix folding are candidates responsible for their allergenicity 
(Farnandez et al., 2014). 
3.2.4 Paramyosin  
The paramyosin allergen designated as group 11 has a molecular weight of 
approximately 98 kDa. The molecule is also evolutionary somewhat conserved among 
a variety of species (Tsai et al., 2000). Paramyosin in contrast to tropomyosin is found 
only in invertebrates, and its allocation and utility is relatively unknown. A 
paramyosin-like protein that is absent from chordates was detected in sea lilymuscle 
(Obinata et al., 2014). 
In parasites, the paramyosin is considered as a major immunogen and has 
shown potential as a vaccine candidate for parasitic diseases such as filariasis and 
schistosomiasis (Talavera et al., 2001). Tropomyosin is a major HDM allergy (Thomas 
and Smith, 1998). In general, invertebrate paramyosin is a major allergen group (IUIS 
list of allergens; http://www.allergen.org) and cross-reactive in many invertebrates 
(Reese et al., 1999; Thomas, 2010).  
3.2.4.1 Structure of paramyosin 
 Among different invertebrate phyla the paramyosin to myosin ratio varies 
widely. It is positively associated with thick filament length and maximum muscle 
tension (Levine et al., 1976; Winkelman, 1976; Vinos et al., 1991). Myosin is the 
major component of thick filament (Epstein et al., 1995) and the interaction between 
myosin and paramyosin and its maintenance is necessary for assembly and 
determination of the thick length filament (Waterston et al., 1977). The iso-forms of 
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paramyosin from different species revealed a rod-like molecule with a central helical 
region and two non-helical terminal domains that can dimerize into a coiled-coil 
structure. Amino acids of the paramyosin helical region have a periodic 28 residue 
positive and negative charge repeat distribution (Kagawa et al., 1989; Becker et al., 
1992). The formation of thick filament core on which the motor protein myosin 
assembles in the paramyosin molecules along with other thick filament structural 
proteins is an accepted model of invertebrate thick filament assembly (Nonomura, 
1974). 
Although the sequence identity of various paramyosin is only 60%, their 
amino-acid composition shares a number of common characteristics. The amino-acid 
composition usually contains high proportions of charged residues D, E, R, and K 
(40%), N plus Q (12%), and hydrophobic residues L (14%) and A (11%), but low 
contents of G, C, P, F, Y, and W (<1%) (Tovey and Baldo, 1987). Proline as helix 
breaker and cysteine residues, as well as aromatic residues is present in low numbers. 
Leucine is the most abundant hydrophobic residue present in all paramyosin (Tsai et 
al., 2000). 
3.2.4.2 Paramyosin allergen group in other invertebrates 
Paramyosin: myosin heavy chain molecular ratios has been calculated by SDS-
PAGE analysis in three molluscan muscles i.e. Aequipecten striat edadductor, 
Mercenaria opaque adductor, and Mytilus anterior byssus retractor and among 
arthropods muscles including Limulus telson, Homarus slow claw, Lethocerus air tube 
retractor (Rhea et al., 1976). It is also reported in Drosophila melanogaster and in 
nematode, annelids, crustaceans, echinoderms and in other arthropods including ticks 
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and mites (Marato et al., 1995). Paramyosin is also present in other parasites including 
Taenia and Schistosoma (Bessot and Pauli, 2011). 
3.2.4.3 Cross-reactivity of paramyosin allergen among invertebrate groups 
D. farinae Df 11 allergen (Df642) shows a high extent of sequence identity 
with paramyosin from other invertebrates. The sequence alignment shows 711 amino-
acid residues of Df 642 protein share 60 percent identity and 76 percent homology 
with the paramyosin of Drosophila melanogaster and also shares 50 percent identity 
and 70 percent homology with paramyosin from Caenorhabditis elegans and 34 
percent identity, 55 percent homology with that of Schistosoma japonicum (Tsai et al., 
2000).  
The paramyosin sequence of Boophilus microplus and Blomia tropicalis 
showed 78, 62 and 60 percent identity with S. scabiei, D. farinae and D. melanogaster 
respectively. The identities shared with the parasite nematodes Onchocerca volvulus, 
Dirofilaria immitis and Brugia malayi are less being 52, 52 and 51 percent 
respectively of the evolutionary conservation of paramyosin even among 
phylogenetically distant species (Ferreira et al., 2002; Ramos et al., 2003).  
The antigen cross-reactivity is determined due to conserved structure of 
paramyosin across invertebrate species (Kalinna et al., 1997). It has also been reported 
that people infected with S. masoni and O. volvulus produced cross-reactive IgE 
antibodies to paramyosin (Steel et al., 1990). In another study, the mAb Df642, a 
monoclonal antibody against Der f 11, able to distinguish the recombinant and the 
native  Blo t 11  representing  that  cross-reactivity  present  between the  two allergens  
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(Ramos et al., 2003). 
3.2.4.4 Paramyosin allergen group in S. scabiei 
The paramyosin protein of S. scabiei is appearing as a monomeric and dimeric 
protein that is one of the most abundant proteins (Erban, 2011). The house dust mite 
allergen homologues to P. ovis were identified by western blot (Kenyon et al., 2003) 
and Der p 11 (paramyosin) (Huntley et al., 2004). The function for paramyosin in 
helminth infections have been recognized as a target for protective immunity and 
reported that S. scabiei paramyosin is comparable to paramyosin from other species 
(Dahmen et al. 1993).  
S. scabiei recombinant paramyosin could potentially be used as an infection 
marker in immunoassays, e.g. ELISA. Sarcoptes scabiei has been demonstrated to be 
antigenically cross reactive with house dust mites Dermatophagoides pteronyssinus 
and Dermatophagoides farina (Arlian and Morgan, 2000; Arlian et al., 1991; Arlian et 
al., 1988). At least 17 proteins (groups 1- 17 allergens) synthesized by the astigmatid 
mites have been identified to be associated with allergic disease in human and the 
molecular characteristics of the allergens have been intensively studied (Thomas and 
Smith, 1998).  
Immunoblotting with sera from HDM allergic humans of dust mite extracts 
have shown the presence of an IgE binding protein of 90– 100 kDa. The presence of 
paramyosin allergen has been confirmed the in the sheep scab mite though its role in 
the development of natural protective immunity is uncertain (Huntley et al. 2004).Gu 
et al. (2014) studied the S. scabiei gene encoding paramyosin and explored the 
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immune response, demonstrated the high levels of IgG, IgG1, IgG2a, IgE, IgM, 
stronger lymphocyte proliferation in mouse spleen, and larger production of IL-2, IL-
4, IL-5, and IFN-c in the supernatant of cultures from splenocytes. These results 
indicated that paramyosin vaccine induced a mixed Th1/Th2 response in mice; provide 
basic data for the further study to develop an effective vaccine against Sarcoptic 
mange. 
3.3  MATERIALS AND METHODS 
3.3.1 Collection of Sarcoptes Mites  
Adult Sarcoptes mites used in experimental procedures were kindly provided 
by Dr. Shelley Walton and Dr. Kate Mounsey Allergy and Immunobiology Mite 
labortory (Allergy and immunobiology laboratory), University of the Sunshine Coast 
(USC) .The mites were collected in pools of 300 in 100 µl of cold Trizol (Invitrogen) 
and stored at -80°C until RNA extraction.  
3.3.2 Serum Samples 
The serum samples were collected after written informed consent was received 
from four groups of participating individuals: crusted scabies subjects (n=2), ordinary 
scabies subjects (n=48), subjects with allergy to HDM based on clinical history and 
positive skin prick test (n=24) and subjects naïve to scabies and allergy (n=24) (Table 
5). The cases of crusted scabies and ordinary scabies were confirmed by 
hyperkarototic skin, typical lesions and positive identification of mites and mite parts 
under the microscope. To collect serum, blood samples (5 ml) were centrifuged at 
3000 rpm for 10-15 mins. Serum from supernatant was stored in eppendorf tubes.  
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3.3.3 RNA Extraction from Sarcoptes Mites 
 Stored mites were thawed and transferred to a CK-28 ceramic bead tube 
containing 600 µl of Trizol and homogenized (2X5 mins, 30Hz) using a Minilys 
(Precellys). After incubation at room temperature for 5 minutes, the samples were spun 
down at 12000 g for 10 min at 4°C. About 200 µl of chloroform was added to the 
supernatant after transfer into a new microfuge tube. The samples were spun down at 
12000 g for 20 minutes at 4°C. About 300 µl of aqueous phase was transferred to new 
microfuge tube and equal volume of 100% ethanol was added and transferred to 
Purelink column of Purelink mini RNA Kit (Life Technologies) following 
manufacture’s protocol.  
The RNA was eluted in 50 µl RNAse Free H2O and the concentration was 
checked on nanodrop (NanoDrop 2000 Spectrophotometer). The sample was stored at 
-80°C until required. Electrophoresis was performed in 1% agarose gel in MOPS 
buffer (200 mM MOPS, 50 mM sodium acetate, 10 mM EDTA, pH 7). RNA (5 μg) 
along with formaldehyde (12.3 M) was loaded per lane. 
3.3.4 cDNA Synthesis and Cloning 
To obtain the 5’ complimentary deoxyribonucleic acid (cDNA) region of S. 
scabiei tropomyosin (Sar s 10) and paramyosin (Sar s 11), total RNA was subjected to 
QuantiTect Reverse Transcription Kit (Qiagen) as per manufacturer protocol using the 
supplied Reverse transcriptase, RT Buffer and Primer mix. The tropomyosin and 
paramyosin gene specific primers were designed with help from bioinformatic tools 
For the 2.8 kb fragment of paramyosin three sets of primers were designed to amplify  
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        Table 5. Number of Serum Samples used in Experimental Procedures. 
No. of 
Samples 
Scabies Infested Serum 
Samples House Dust Mite 
Serum Samples  
Naïve Serum Samples 
Ordinary 
Scabies 
Crusted 
Scabies 
48 2 24 24 
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overlapping paramyosin fragments as mentioned in Table 6. PCR of tropomyosin and 
paramyosin was performed using the conditions as mentioned in tables 7 and 8, respectively. 
The amplified product was analysed on a 1% TBE agarose gel using the GeneRuler™ 100 bp 
Plus DNA Ladder as the molecular standard (ThermoScientific). PCR product was purified 
using the QIAquick PCR purification kit (QIAGEN) and ligated into pGEM-T-easy vector, 
according to the manufacturer instructions (Promega). The ligation mixture (10 μl) containing 
50 ngpGEM-T-easy vector, 2X rapid ligation buffer (5.0 μl), PCR product (2.0 μl), T4 DNA 
ligase (1.0 μl) and nuclease free water were incubated overnight at 4°C. 
3.3.5 Transformation of DH5α Competent Cells With pGEM-T easy/Sar s 10 
and Sar s 11 
Transformation of DH5α competent cell was performed by heat shock method. 
The 2 μl of ligation mixture and 50 μl of competent cells were incubated for 30 
minutes on ice, followed by 42°C for 45 min and immediately incubated on ice for 2 
minutes. LB media (800 μl) was poured onto cells and kept on steady shaking (200 
rpm, 2 hr) at 37°C. Transformation mixture (100 μl) was then spread onto LB 
ampicillin plates (100 ug/μl) and placed for overnight incubation at 37°C. X-Gal and 
IPTG were used to screen transformants through blue and white selection. Similarly, 
DH5α competent cells without plasmid were treated to serve as a negative control for 
transformation 
3.3.6 Confirmation of Transformants 
After overnight incubation at 37°C, plasmid p-GEM-T easy/Sar s 10and Sar s 
11 were isolated from  white  colonies  which  appeared on LB  ampicillin  plates.  The 
white colonies were picked using a sterile toothpick, and agitated in 50 μl dH2O.
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Table 6. Primers used for sequencing and amplification of tropomyosin and paramyosin gene  
of S. scabiei var. hominis 
 
Primers Name Primer Sequences (5΄ to  3΄) 
PCR Product Size 
(bp) 
Sar s 10_F 
Sar s 10_R 
Sar s 11_5’ 
Sar s 11_1612 
Sar s 11_1300 
Sar s 11_2103 
Sar s 11_1911 
Sar s 11_3’ 
GGCAGCCATATGTATGAGGCCATCAAG 
GCAGCCGGATCCTCACTAGTGATTTATAGC 
ATGTCTGCTAGATCAGCTAAATTC 
GTG CGATCT CGGTTTTCAAT 
GATGATTTGGCTGAATGCAA 
TAATCGTTCCTGTTCCTCCAC 
CTTCAAGCACACTATGATGAG 
GTTTGTTTGTTTGTTGAGATTTATC 
855 
 
1600 
 
800 
 
850 
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Table 7. Conditions for PCR amplification of tropomyosin gene (Sar s 10) of S. scabiei var. hominis 
No. Steps Temperature (˚C) Time No. of cycles 
1 Initial Denaturation 95 2 min 1 
2 
Denaturation 
Annealing 
Elongation 
95 
50 
72 
  30sec 
  30 sec 
  2 min 
35 
3 Final Elongation 72  8 min 1 
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Table 8. Conditions for PCR amplification of paramyosin gene (Sar s 11) of S. scabiei var. hominis 
No. Steps Temperature (˚C) Time No. of cycles 
1 Initial Denaturation 95 2 min 1 
2 
Denaturation 
Annealing 
Elongation 
95 
58 
72 
30sec 
30 sec 
2.5 min 
45 
3 Final Elongation 72 8 min 1 
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The samples were incubated at 95 oC for 15 minutes then spun at 10,000 rpm for 3 
minutes. Colony PCR was performed with the amended PCR parameters. 
3.3.7 Confirmation of Transformants through Sequencing 
Sequencing of the p-GEM-T easy/Sar s 10 and Sar s 11 was carried out to 
confirm the inserted cDNA sequence was correct. Plasmid DNA (p-GEM-T easy/Sar s 
10 and Sar s 11) was isolated by QIAprep Spin Miniprep Kit (QIAGEN) after 
overnight culture. The universal primers M13 forward (5’ 
TGTAAAACGACGGCCAGT 3’) or reverse (5’ CAGGAAACAGCTATGACC 3’) 
were used to carry out sequencing on either side of the multiple cloning site of pGEM-
T R/T and sequenced at the Australian Genome Research Facility (AGRF, Australia). 
The identified nucleotide sequence was analysed by BLAST 
(http://blast.ncbi.nlm.nih.gov/) and the amino acid ORF and multiple sequence 
alignment conducted with ClustalW2 (https://www.ebi.ac.uk/Tools/msa/clustalw2/). 
3.3.8 Construct Design for Cloning into pET-28a 
Once the full length tropomyosin and paramyosin sequences were verified, the 
restriction sites of two enzymes (NdeI and BamHI) were introduced at the 5’ and 
3’ends of Sar s 10. BamHI and HidIII at the 5’ and 3’ end of the Sar s 11 primers 
(Table 5). The PCR product was purified, ligated into the pGEM-T-easy vector and 
transformed into α-select competent cells. A double digestion of pET-28a and the 
pGEM-T-easy vector containing the insert was performed using the restriction 
enzymes. NdeI and BamHI for Sar s 10 and BamHI and HindIII for three fragments of 
Sar s 11 according  to  the  manufacturer’s  instructions  (NEB). The  tropomyosin  and  
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paramyosin inserts were ligated into the pET-28a expression vector T4 DNA Ligase 
(Promega) at 4°C overnight. 
3.3.9 Transformation of DH5α with Recombinant Vector 
The heat shock method was used for the transformation of the recombinant 
vector in DH5α. Transformants were selected on LB ampicillin for tropomyosin and 
LB kanamycin for paramyosin and confirmed by recombinant screening and colony 
PCR. The three cloned fragments of paramyosin were named separately (Sspara1, 
Sspara2 and Sspara3) and plasmid miniprep (Qiagen) was undertaken. 
3.3.10 Transformation of BL21 (DE3) with Recombinant Vector 
E.coli strain BL21 (DE3) was transformed with recombinant vector by heat 
shock method. The 50 μl of BL21 (DE3) were mixed with 2 μl recombinant vector in 
an eppendorf and placed on ice for 30 min. The cells were subjected to heat shock for 
45 sec at 42°C and then placed immediately on ice for 2 min. After the heat shock the 
cells were provided with 800 ul of LB medium and were shaken for 2 hours at 200 rpm 
at 37°C. Transformation mixture (300 μl) was spread on plate with LB kanamycin. 
Incubations of plates were done at 37°C overnight. 
3.3.11 Sar s 10 and Sar s 11 Protein Expression 
A 50 ml starter culture of E.coli BL21 harboring Sar s 10 in pET15a and three 
fragments (Sspara1, Sspara2 and Sspara3) of Sar s 11 in pET-28a were cultured in LB 
medium. The LB media containing 100 μg/μl ampicillin and 25 μg/μl kanamycin for 
tropomyosin and paramyosin respectively at 37°C at 200 rpm overnight. The optical 
density at 600 nm (OD600) of the overnight culture was checked to ensure that it
74 
 
 
 
 
Table 9. Tropomyosin and paramyosin primers with restriction sites. 
Primer Name Primer Sequences (5΄ to  3΄) PCR Product Size (bp) 
Sar s 10_F 
Sar s 10_R 
Sar s 11_5’ 
Sar s 11_1612 
Sar s 11_1300 
Sar s 11_2103 
Sar s 11_1911 
Sar s 11_3’ 
GGCAGCCATATGTATGAGGCCATCAAG 
GCAGCCGGATCCTCACTAGTGATTTATAGC 
ATCTGGATCCATGTCTGCTAGATCAGCTAAATTC 
CTCGAAGCTTGTG CGATCT CGGTTTTCAAT 
ATCTGGATCCGATGATTTGGCTGAATGCAA 
CTCGAAGCTTTAATCGTTCCTGTTCCTCCAC 
ATCTGGATCCCTTCAAGCACACTATGATGAG 
CTCGAAGCTTGTTTGTTTGTTTGTTGAGATTTATC 
855 
 
1600 
 
800 
 
800 
NdeI, BamHI and HindIII restriction sites are underlined 
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had reached the desired value above 1.5. 
For protein expression 500 ml of LB media culture containing 100 μg/μl 
ampicillin and 25 μg/μl kanamycin was inoculated with 50 ml of the overnight culture 
and incubated at 37°C with agitation until the OD600 reached 0.80. 500 μl of culture 
as non-induced reference sample was taken, spun down at 5000 rpm for 5 min and 
stored as a pellet at -20°C.  
Protein expression was induced with 0.4 mM isopropyl β-d-thiogalactoside 
(IPTG) and the culture was incubated further for four hours and 500 μl of induced 
reference was also taken and the pellet was stored at -20°C. The cells were harvested 
by centrifuging the LB culture at 3800 rpm for twenty minutes at 4°C and stored at -
20°C if not processed immediately.  
3.3.12 Purification of Sar s 10 and Sar s 11 
  For purification of the protein, the pellet was resuspended in Native Lysis 
buffer NLB) (50 mM NaH2PO4, 300 mM NaCl, pH 8.0), treated with lysozyme 
(1mg/ml) and 1 complete, EDTA-free protease inhibitor cocktail tablet (Roche), 
incubated for 30 min following sonication. The lysate was centrifuged for 30 min 
(10,000 x g at 4°C) and the supernatant collected for purification. 
 Protein purification was performed using the Nickel-nitroloacetic acid (Ni-
NTA) agarose column as per the manufacturer’s standard protocol (QIAGEN). The 
only difference being that 20 ml lysate was equilibrated with Ni-NTA beads; washed 
twice with 20 ml wash buffer (50 mM NaH2PO4, 300 mM NaCl, 100 mM Imidazole 
pH 8.0); and then eluted with 6 ml NLB (first with 100 and then 200 mM imidazole) 
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and collected in 1 ml fractions. The protein concentration was determined using the 
Qubit® 2.0 Fluorometer and Qubit™ Protein Assay Kit (Invitrogen). Protein 
expression was observed via both Sodium dodecyl sulphate – polyacrylamide gel 
electrophoresis (SDS-PAGE) and Western blotting. 
3.3.13 Quantification of Proteins 
 The purified proteins (Sar s 10 and Sar s 11) were quantified using the Qubit™ 
Protein Assay Kits provided with the Qubit® 2.0 Fluorometer following the 
manufactures’ protocol.   
3.3.14 SDS-PAGE for Proteins 
Polyacrylamide gels of percentage were prepared (Appendix 1) or purchased 
from BioRad i.e. 12% pre-cast Biorad Mini-Protean gels. Generally a 20 μl sample 
was mixed with 5 μl of 5X SDS-PAGE sample buffer (10% SDS; 10 mM 
dithiotheritol; 20% glycerol; 0.2 M tris-HCl pH 6.8; 0.05% bromophenol blue) before 
being heated at 95°C for five minutes. The samples were centrifuged and 15 μl was 
loaded on the gel. A PageRuler™ prestained protein ladder (Thermo Scientific) was 
used as the molecular mass standard.  
The gel was run in a Mini Protein Electrophoresis tank (BioRad, USA) with the 
SDS-PAGE running buffer (25 mM tris-HCl; 200 mM glycine; 0.1% SDS) at 180 
volts. Gels were stained on a rocking platform with Coomassie Brilliant Blue R-250 
(0.1% Coomassie R250; 10% acetic acid; 40% methanol aqueous solution) for 30 
minutes and destained with destaining solution  (20% methanol;  10% acetic   acid 
aqueous  solution)  for  one hour until thebackground had disappeared. 
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3.3.15 Immunoblotting of Proteins 
3.3.15.1 Immunoblotting with mouse anti-His antibody 
For immunoblotting, SDS PAGE was run with purified proteins i.e. Sar s 10 
and Sar s 11 (5 µg), Ssag (5 µg) as a positive control and BSA (0.5 µg) as a negative 
control. Following SDS-PAGE, proteins were transferred to nitrocellulose membranes 
using the Biorad Trans-Blot Turbo Transfer System. Membranes were blocked with 
5% skim-milk powder (SMP) in Phosphate buffered saline (PBS) (pH 7.4) for 1 hour 
at room temperature on a rotary shaker or overnight at 4°C. For protein expression 
verification, membranes were incubated with mouse anti-His antibody (Life 
Technologies) (1/10,000 dilution) for 1 hour before being washed twice with 0.05% 
Tween 20 in PBS (PBS-T) and once with PBS for 5 minutes each. Samples were then 
incubated with Goat anti-mouse IgG-IRD800 (Licor, Millenium bioscience) (1/5,000 
dilution) for 1 hour and the washed. His-tagged proteins were detected at 800nm using 
the Odyssey scanner and software (Licor). 
3.3.15.2 Immunoblotting with mouse anti-human IgE 
 For detection of human antibody binding, 1/50 dilutions of sera from pooled 
crusted scabies (n=3), pooled ordinary scabies (n=3), HDM positive (n=3) and pooled 
HDM and scabies naïve (n=3). Membranes were incubated for 1 hour at room 
temperature, washed as above before being incubated with Alkaline phosphatase (AP)-
conjugated monoclonal mouse anti-human IgE H&L (Sapphire Bioscience, Abcam 
ab7426). The immunoassays were developed with Sigma Fast 5’-bromo-4-chloro-
3indolyl phosphatase/nitrobluetertazolium (BCIP/NBT) alkaline phosphatase tablets.  
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3.3.16 ELISA  
3.3.16.1 ELISA with IgE antibody  
A three-stage Enzyme-linked immunosorbent assay (ELISA) was performed 
for both tropomyosin and for the three fragments of paramyosin. A cocktail ELISA 
was also performed by combining all of the three paramyosin fragments. Briefly, 
2μg/mL of Sar s 10 and Sspara1, Sspara2 and Sspara3 fragments of Sar s 11were 
adsorbed on Corning High Protein 96 well plates (Sigma-Aldrich) in a carbonate 
coating buffer (15 mM/L Na2CO3, 35 mM/L NaHCO3,3 mM/L NaN3, pH 9.6) 
overnight at 4°C. Plates were washed 3 times with 0.05% PBS-T, then blocked with 
1% SMP-PBS-T (0.01%) and then incubated at 37°C for 2 hours. After washing, a 
1/10 dilution sera obtained from individual crusted scabies (n=2), ordinary scabies 
(n=48), HDM positive (n=24) and naive subjects (n=24) were added individually to 
each well. In addition a pooled crusted scabies sample (n=2) as a positive control and 
pooled naïve (n=3) as a negative control at 1/10 dilution in 1%SMP-PBS-T (0.01%) 
was included.  
Plates were washed with PBS-T 4 times then incubated with polyclonal goat 
anti-human IgE (Sapphire Bioscience, Abcam ab91559) 1/1000 dilution in 1% SMP-
PBS-T (0.01%) at 37°C for 2 hours. After washing, AP-conjugated polyclonal rabbit 
anti-goat IgG H&L (Sapphire Bioscience, Abcam ab6742) (1/1000 dilution) was 
incubated at 4°C overnight. After the plates were washed three times with PBS-T and 
two times with PBS, they were then incubated with phosphatase substrate (Sigma) 
dissolved in glycine buffer (0.1 M/L glycine, 1 mM/L MgCl2, 1 mM/L ZnCl2, pH 
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10.4) and developed for 10 minutes. Optical density was measured at 405 nm with the 
Perkin-Elmer Enspire 2300 Multimode Reader and Enspire software 4.13 (Perkin-
Elmer, MA, USA).  
Furthermore a three-stage diagnostic cocktail ELISA was also performed for 
detection of IgE antibody using S. scabiei antigen (Ssag) 1, 2 and 3. The antigens Ssag 
1, Ssag 2 and Ssag 3 were already cloned, expressed and purified in Allergy and 
immunology lab and used to check IgE level in sera samples of ordinary scabies 
(n=48), HDM positive (n=24) and naive subjects (n=24). The antigen coating, 
blocking and incubation of primary antibody was performed as mentioned above.  
3.3.16.2 ELISA with IgG antibody 
For detection of IgG antibody, two stage ELISA was also performed for 
paramyosin. The antigen coating, blocking and incubation of primary antibody (1/200 
dilution) was performed as mentioned above.  Following 4 washes with PBS-T, they 
were incubated with Ap-conjugated goat anti-human IgG (Sigma Life Science, A9544) 
1/2500 dilution 1% SMP-PBS-T (0.01%) at 37°C for 2 hours. After the plates were 
washed three times with PBS-T and two times with PBS, they were then incubated 
with phosphatase substrate and the optical density was measured at 405 nm as 
mentioned above.  
3.3.17 Statistical analysis  
 Prism v. 5.01 (GraphPad Software, Inc) software was used to carry out 
statistical analysis. The significant difference between groups was assessed by 
nonparametric Kruskal-Wallis analysis of variance (ANOVA). To check the 
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distribution of 2 unmatched groups, Nonparametric Mann–Whitney U tests were used. 
The spearman correlation was used to determine correlations between different 
antigens. The wilcoxen signed pair test was used to estimate the association between 
paired, continuous data. Comparisons were considered to be significant at P values of 
< 0 .05. Cut-off was calculated by taking the average of the negative control group 
(naive) +2 Standard Deviations. To caluculate sensitivity percentages, the following 
formula was used: ELISA positive/scabies positive individuals X 100, whereas 
specificity percentages were calculated by: ELISA negative/scabies negative 
individuals X 100. The graphpad Prism was used to find out receiver operator 
characteristic (ROC) curves for subjects with crusted scabies or ordinary scabies 
against subjects with HDM allergy or no infestation (naïve). 
3.4 RESULTS 
3.4.1 Cloning of Tropomysoin (Sar s 10) Gene  
Full length complementary DNA (cDNA) was synthesized from total RNA 
extracted fromSarcoptes scabiei var. hominis. This cDNA was 855 bp long) and was 
used as a template to amplify 855 bp tropomyosin coding sequence with gene specific 
primers in standard PCR conditions. The amplified product (Plate 11) was then ligated 
in pGEM-T cloning vector (Figure 11). 
3.4.1.1 Transformation of E. coli with p-GEM-T easy/Sar s 10 vector 
Electro-competent cells DH5α, E. coli strain, were transformed with p-GEM-T 
easy/Sar s 10 vector by heat shock method. Single transformed white colonies were 
further used for plasmid preparation. The actual size of pGEM-T easy vector is 3.0 Kb 
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which was increased to 3.8 Kb after insertion of Sar s 10 cDNA. Plasmid was digested 
with restriction enzymes to confirm the positive clone (Plate 12). 
3.4.1.2 Confirmation of Sar s 10 by colony PCR and sequencing 
The colony PCR was performed using Sar s 10 F/R primers as mentioned in 
Table 3. The amplified fragment of 855 bp was analyzed on 1% agarose gel (Plate 13).  
Sequencing of plasmid DNA was carried out at Australian Genome Research Facility 
(AGRF). The full length tropomyosin cDNA sequence of 855 bp was obtained from S. 
scabiei var. hominis with a deduced amino acid sequence of 285 aa (Figure 12). The 
predicted molecular weight (MW) of the full length tropomyosin protein was 31.35 
kDa (http://web.expasy.org/translate/). The cDNA and protein sequences were 
subjected to BLAST (http://blast.ncbi.nlm.nih.gov/) and result revealed that S. scabiei 
var. hominis specific tropomyosin gene (Sar s 10) exhibits 99% cDNA and amino acid 
sequence identity with S. scabiei var. caniculi sequence (Accession no. JF9221171.1)  
(Zhang et al., 2012). 
 pET-15b expression vector containing the sequence of S. scabiei var. suis 
tropomyosin was obtained from the Allergy and Immunobiology Mite labortory 
University of the Sunshine Coast (USC) (Dr. Marion Desclozeaux data unpublished). 
The amino acid sequence alignment of S. scabiei var. hominis, var. suis and var. 
caniculi showed 100 and 99% sequence identity using CLUSTAL W2 version 2.1 
(http://www.ebi.ac.uk/Tools/msa/clustalw2/) (Figure 13). Due to 100% amino acid 
sequence identity between S. scabiei var. hominis and var. suis, instead of repeating S. 
scabiei var. hominis cloning into pET-15b expression vector, S. scabiei var. suis pET-
15b clone was transformed into the E. coli strain BL21 (DE3) for protein expression. 
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Plate 11. PCR amplification of Sar s 10. Lane 1 and 3: Sar s 10 amplified product. 
Lane 7: Positive control (S. scabiei antigen 3). M: 100 bp marker 
(Thermo Fischer Scientific). 
 
 
 
 
 
 
 
 
 
 
Figure 11. Restriction Map of pGEM-T easy vector. Diagramatic representation of 
pGEM-T easy cloning vector (Souce: 
http://www.promega.com/~/media/files/resources/protocols/technical. 
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Plate 12. pGEM-T/Sar s 10 digested with BamH1 and Nde1. Lane 1: Undigested 
plasmid. Lane 2: Double digestion of plasmid with BamH1 and Nde1. M 
is 100 bp marker (Thermo Fischer Scientific). 
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Plate 13. Colony PCR of  pGEM-T/ Saars10 transform. Lane 2 and 4: pGEM-
T/Sar s 10 transform amplified product. M: 100 bp marker (Thermo 
Fischer Scientific).
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Figure 12. Full length cDNA and deduced amino acid sequence of tropomyosin from S. 
scabiei var. hominis The full length Sar s 10 cDNA sequence of 855 bp and 
deduced amino acid sequence of 285 aa from S. scabiei var. hominis 
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A multiple amino acid sequence alignment of S. scabiei var. hominis was 
performed against thirteen other tropomyosin homologues. The aligned sequences 
were then grouped to their Phyla. The analysis was undertaken on multiple sequence 
alignment tool i.e. Clustal W2 (Version 2.1) (Figure 14). The pair wise comparison of 
S. scabiei var. hominis (Sar s 10) amino acid with other invertebrate groups is 
mentioned with accession numbers and identity in Table 10.  
Dermatophagoides pteronyssinus (European HDM), Dermatophagoides 
farinae (American HDM), and Psorpotes ovis (Sheep scab mite) had highest identity at 
98%.  Fooder mites i.e. Lepidoglyphus destructor, Glycyphagus domesticus and 
Blomia tropicalis shared identity between 90-95%. The storage mite, Chortoglyphus 
arcuatus had 96% amino acid identity. American and German cockroaches i.e. 
Perplanata americana, Blattela germanica had an identity of 80%. Alignments made 
with mollscus homologues, such as from Sinonovacula constricta (Razor calm) and 
Halitois diversicolor (Sea ears) also shared identities of 58 and 64%. An alignment 
made to the nematode tropomyosin from Ascaris lumbricoides revealed an identity of 
74%. 
3.4.2 Expression and Purification of His-Tropomyosin 
Expression of recombinant tropomyosin was achieved using E. coli strain 
BL21 (DE3) when induced with 400 mM IPTG for 4 h at 37°C. The protein was 
produced as 6xHis fusion tagged protein at the N-terminus and were observed on SDS-
PAGE as a single band of 35 kDa from elutions three to twelve for the S. scabiei var. 
suis tropomyosin (Plate 14). Western blotting verified the presence of the 6xHis tagged  
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Figure 13. Protein sequence alignment of S. scabiei var. hominis, var. suis and var. 
caniculi tropomyosin. The protein sequence alignment of S. scabiei var. 
hominis (Sar s 10) of 285 aa, S. scabiei var. suis (unpublished data) of 284 aa 
and S. scabiei var. caniculi (JF9221171.1) of 284 aa using CLUSTAL W2 
version 2.1 (http://www.ebi.ac.uk/Tools/msa/clustalw2/) with a sequence 
identity of 100 and 99% respectively. Direct sequence identity of the 285 aa 
results in a sequence identity of 279/281 aa. Identical amino acids are 
indicated by asterisks (*). Colons (:) indicate strongly similar amino acid 
properties. 
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Figure 14: Multiple amino acid sequence alignment of S. scabiei var. hominis (Sar s 10) with various other S. scabiei homologues. 
Multiple sequence alignment of S. scabiei var. hominis (Sar s 10), S. scabiei var. caniculi (JF922117.1), D. 
pteronyssinus (AAB69424), D. farinae (ABU97466), P. ovis (AM14276), L. destructor (CAB71342), G. 
domesticus (AAQ54614), B. tropicalis (ABU97466), C. arcuatus (AEX31649),  P. americana (AAL86701), 
B. germanica (AAF72534), S. constricta (ABU53681), H. diversicolor (AAG08987) and A. lumbricoides 
(ABS82498) homologues. Identical amino acids are indicated by asterisks (*). Colons (:) indicate strongly 
similar amino acid properties. Periods (.) indicate weakly similar amino acid properties. Accession numbers 
were obtained from NCBI Genbank database. Multiple sequence alignment was performed using ClustalW2 
version 2.1 (http://www.ebi.ac.uk/Tools/msa/clustalw2/). 
 
90 
 
 
 
 
Table 10.  Analysis of Tropomyosin allergens from some invertebrate species in NCBI database 
Phylum Class Family  Species NCBI accession 
No 
AA* 
(#) 
Identity 
(%) 
References 
Arthropoda Arachnida Sarcoptidae Sarcoptes scabiei JF922117.1 284 99 Zhang et al. 2012 
Pyroglyphidae Dermatophagoides 
pteronyssinus 
AA69424 284 98 Thomas et al., 2002 
 Dermatophagoides 
farinae 
ABU97468 295 98 Chew et al., 2007 
Psoroptidae Psoroptes ovis CAJ38272 284 98 Nisbet et al. 2005 
Glycyphagidae Lepidoglyphus 
destructor 
CAB71342 284 95 Saarne et al. 2005 
 Glycyphagus 
domesticus 
AAQ54614 284 90 Chew et al., 2006 
 Blomia tropicalis ABU97466 284 94 Chew et al., 2007 
Chortoglyphidae Chortoglyphus 
arcuatus 
AEX31649 284 96 Lopez-Matas et al., 2012 
Insecta Blattidae Periplaneta 
americana 
AAL86701 284 80 Jeong et al. 2004 
Blattellidae Blattella germinica AAF72534 284 80 Jeong et al. 2005 
Mollusca Bivalvia Pharidae Sinonovacula 
constricta 
ABU53681 284 58 Song et al, 2009 
Gastropoda Haliotidae Haliotis diversicolor AAG08987 284 64 Chu et al. 2007 
Nematoda Secernenta Ascarididae Ascaris lumbricoides ABS82498 284 74 Santos et al., 2007 
*Amino Acid  
All analysis was done using S. scabiei var. hominis (Sar s 10) as reference sequence; protein length, 284 amino acids 
 using Multiple Sequence Alignment CLUSTAL W2 (Version 2.1) http://www.ebi.ac.uk/  with default settings. 
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purified proteins (Plate 15). 
3.4.3 Cross Reactivity between S. scabiei var. suis (Sar s 10) and Human Sera  
 
 3.4.3.1 Immunoblotting analysis  
Recombinant S. scabiei var. suis (Sar s 10) was  recognized by pooled crusted 
scabies and ordinary scabies patient sera (n=3), with strong IgE binding to both Sar s 
10 and Ssag 3 positive control and no binding with BSA negative control. The IgE 
binding was also observed with pooled HDM and naïve sera (n=3), reacted only 
weakly with Ssag3 as shown in plate 16. 
3.4.3.2  IgE binding to S. scabiei tropomyosin (Sar s 10) 
A three stage ELISA was also performed to identify IgE reactivity to S. scabiei 
tropomyosin (Sar s 10). IgE binding of individual crusted scabies sera (n=3) to the Sar s 10 
was high. But the distinction between specific binding of IgE was unclear in the plasma from 
ordinary scabies sera (n=48), HDM positive (n=24) and naive (n=24) was observed (Figure 
15). Mann-Whitney U test was used to analyze difference between group means, the IgE 
binding of crusted scabies to Sar s 10 was significantly higher than the ordinary scabies sera (P 
= 0.0042), naïve sera (P = 0.0068) and HDM sera (P = 0.0062). The ordinary scabies group 
also had significant mean difference with HDM (P < 0.0279) but there is no significant 
mean difference between ordinary scabies group and naïve sera (P < 0.6064). The cut 
off value of the average of the naive +2 Standard Deviations calculated to be 0.223. 
3.4.3.3  IgE binding to Ssag (1, 2 and 3) cocktail 
The binding of specifi IgE in each crusted scabies patient (n=3) was extremely 
high to Ssag (1, 2 and 3) cocktail (data not shown here). Similarly Mann-Whitney U
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(A)  (B) 
Plate 14. Purification of S. scabiei var. suis tropomyosin protein. (A) S. scabiei var. suis 
tropomyosin purification on SDS-PAGE. Lane M – Molecular mass marker; 
Lane NI– Non-induced BL21; Lane I – Induced BL21; Lane L –  lysate; Lane 
Fth – Flowthrough; Lanes E1 to E5 – Elutions 1 to 5. (B) Lane M – Molecular 
mass marker, Lane E6 to E12 – Elutions 1 to 12; B – Beads.  
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(A)                 (B) 
Plate 15. Purification of partial S. scabiei var. suis protein. (A) SDS-PAGE of 
purified elution fraction stained with commassie blue. Lane M – 
Molecular mass marker; Lanes E1 to E5 – Elution fractions 1 to 5. (B) 
Anti-His immunoblotting for detection of tropomyosin Histidine tagged 
fusion proteins. Lane M – Molecular mass marker; Lanes 1 to 5 – Elution 
fractions 1 to 5. 
 
94 
 
 
 
                 
  
 
 
 
Plate 16. IgE reactivity of Sar s 10 and Ssag 3 with human sera. (A) Coomassie stained 
SDS-PAGE gel. Lane M – Marker; Lane 1 – Sar s 10 (5 μg), Lane 2 – Ssag 3 
(5 μg); Lane 3 – BSA (0.5 μg). Western Blots probed with pooled sera from 
crusted scabies patients (n=3) (B), ordinary scabies patients (n=3) (C), HDM 
patients (n=3) (D) and naïve (n=3) (E). Lane M – Marker; Lane 1 – BSA (0.5 
μg); Lane 2 – Ssag 3 (5 μg) and Lane 3 – Sar s 10 (5 μg).  
(A)       (B)        (C)         (D)          (E) 
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Figure 15. IgE binding to Sar s 10 in subjects with crusted scabies (CS), ordinary scabies 
(OS), HDM allergy (HDM) and naïve to scabies (Naive) with pooled CS and 
pooled OS as positive and negative control. 
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was used to analyze difference between group means. There is significant difference in 
IgE binding of ordinary scabies to Ssag (1, 2 and 3) cocktail with naïve (< 0.0001) but 
there is no significant difference between ordinary scabies and HDM sera (0.9619) 
(Figure. 16). Furthermore, using the Wilcoxen test it  was found out that there were no 
significant differences between IgE binding to Sar s 10 and Ssag (1, 2 and 3) cocktail 
in crusted, ordinary scabies and in HDM sera groups. However the IgE binding of the 
naïve group to Sars 10 was significantly greater than their binding to Ssag (1, 2 and 3) 
cocktail (P = 0.0006) (Figure 17).  
3.4.3.4  Comparison of Sar s 10 and Ssag (1, 2 and 3) cocktail specific IgE binding 
in crusted scabies, ordinary scabies, HDM and naïve groups 
 It has been estimated that the correlation between the level of Sar s 10 specific 
IgE and Ssag (1, 2 and 3) cocktail specific IgE was not significant for the crusted 
scabies group (r = -0.5), ordinary scabies group (r = 0.2549) and HDM group (r =  
0.3166).  
3.4.3.5  Comparison of diagnostic efficiency of Sar s 10 and Ssag (1, 2 and 3) 
cocktail 
The specific IgE binding to Sar s 10 and Ssag (1, 2 and 3) to distinguish current 
scabies infestation (crusted or ordinary scabies) from scabies-naïve was analyzed. The 
diagnostic efficiency of the Sar s 10 for detection of active scabies infestation was very 
low. The assay had 30% and 67% sensitivity and specificity respectively with a 
positive likelihood ratio of 0.95 and a negative likelihood ratio of 1.11. For the Ssag 
(1, 2and 3) cocktail, the efficiency for detection of active scabies infestation elevated 
as compared to Sar s 10. The assay  has  70%  sensitivity and 83.3% specificity  with a 
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Figure 16. Diagnostic ELISA with Ssags cocktail.  IgE binding to Ssag (1, 2 and 3) 
cocktail in subjects with ordinary scabies (OS), HDM allergy (HDM) and 
naïve to scabies (Naive) 
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Figure 17. Specific IgE levels for Sar s 10 and Ssag (1, 2 and 3) cocktail in 
crusted, ordinary, HDM and naïve, determined using ELISA 
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 positive likelihood ratio of 4.19 and a negative likelihood ratio of 0.36. The sensitivity 
was confirmed by ROC analysis, and the area under curve which is an overall indicator 
of performance, was 83% for Ssag (1, 2 and 3) cocktail, but was low for Sar s 10 
(50%). Between Sar s 10 and Sag (1, 2 and 3) cocktail the diagnostic efficiency of Sar 
s 10 is low in comparison with Ssag (1, 2 and 3) cocktail.  
3.4.4 Cloning of Paramyosin (Sar s 11) Gene 
The cDNA encoded for S. scabiei paramyosin allergen is 2816 bp long coding 
for 102.5 kDa protein (Mattsson et al., 2000). In the present study, three sets of 
primers were designed to amplify 2.8kb in three overlapping fragments. S. scabiei var. 
hominis paramyosin allergen is designated as Sar s 11. The first overlapping fragment 
was named as Sspara 1 at 5’ end (5’ to 1612’), Sspara 2 is middle fragment (1330’ 
to2013’) and Sspara 3 at 3’ end (1911’ to 3’) as mentioned in Figure 18. These three 
fragments were cloned, expressed and screened separately following same steps as 
mentioned in tropomyosin section.  
3.4.4.1 Cloning of Sspara 1, Sspara 2 and Sspara 3 fragments 
Full length complementary DNA (cDNA) was synthesized from total RNA 
extracted from Sarcoptes scabiei var. hominis. This cDNA was used as a template to 
amplify 1600 bp, 800 bp and 900 bp overlapping fragments of paramyosin coding 
sequence with gene specific primers by standardized PCR conditions. The amplified 
product (Plate 17) was then ligated in pGEM-T cloning vector.  
3.4.4.2 Transformation of E. coli with p-GEM-T easy/Sspara 1, 2 and 3 vectors 
Electro-competent  cells  of   E. coli strain, DH5α  were  transformed  with  p-GEM-T 
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Figure 18. Schematic diagram showing strategy for generation of Sar s 11- derived cDNA fragments by PCR. Sspara 1, Sspara 2 
and Sspara 3 represent three overlapping fragments. Numbers in parentheses indicate amino-acid residue of deduced 
protein.   
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easy/Sspara 1, 2 and 3 vectors respectively by heat shock method. Sspara 1, 2 and 3 
cDNAs inserted in multiple cloning site of p-GEM-T easy vector. Plasmid preparation 
was further done by single transformed colony. Plasmid was digested with restriction 
enzymes to confirm the positive clone (Plate 18). 
3.4.4.3 Confirmation of Sspara 1, 2 and 3 fragments by colony PCR and sequence 
The colony PCR was performed using primers as mentioned in Table 9. The 
amplified fragment of 1.6 kb, 800 bp and 900 bp was analyzed on 1% agarose gel 
(Plates 19 and 20). Sequencing of plasmid DNA was carried out at AGRF. The three 
fragments of paramyosin i.e. Sspara 1, Sspara 2 and Sspara 3 cDNA sequences of 
1612, 800 and 900 bp were obtained from S. scabiei var. hominis with a deduced 
amino acid sequences of 537, 267 and 300 aa respectively (Figures 19, 20 and 21). The 
predicted molecular weight (MW) of the Sspara 1, Sspara 2 and Sspara 3 protein was 
55, 29 and 33 kDa correspondingly (http://web.expasy.org/translate/). The cDNA and 
protein sequences were subjected to BLAST (http://blast.ncbi.nlm.nih.gov/) and results 
revealed that S. scabiei var. hominis partial tropomyosin genes exhibits 99% cDNA 
and amino acid sequence identity with S. scabiei var. caniculi sequence (Mattsson et 
al., 2000). 
3.4.4.4 Construct design 
For bacterial expression, the plasmid pET-28a of size 5369 bp was selected. 
The pET-28a vectors carry an N-terminal His Tag®/thrombin/T7 Tag® configuration 
plus an optional C-terminal His Tag sequence. The cloning/expression region of the 
coding strand transcribed by   T7 RNA   polymerase   and   has   multiple  cloning sites 
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Plate 17. PCR amplification of Sar s 11 fragments.  Lane 1, 2 and 3: Amplified products 
of Sspara 1, Sspara 2 and Sspara 3. M: 100 bp marker (Thermo Fischer 
Scientific). 
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Plate 18. pGEM-T/Sspara 1, 2 and 3 digested with BamH1 and HindIII. Lane 1: 
Undigested plasmid Sspara 1, Lane 2: Undigested plasmid Sspara 2, Lane 3: 
Undigested plasmid Sspara 3, Lane 4 to 6: Double digestion of plasmids with 
BamH1 and HindIII. M is 100 bp marker (Thermo Fischer Scientific). 
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Plate 19. Colony PCR of  pGEM-T/ Sspara 1 and 2 transform.  Lane 2: pGEM-T/Sspara 
1 transform amplified product, Lane 4 and 5: pGEM-T/Sspara 2 transform 
amplified product. M: 100 bp marker (Thermo Fischer Scientific). 
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Plate 20. Colony PCR of  pGEM-T/ Sspara 3  transform. Lane 3 and 4: pGEM-T/Sspara 
3 transform amplified product. M: 100 bp marker (Thermo Fischer Scientific). 
106 
 
 
 
 
Figure 19. First fragment Sspara 1 cDNA and deduced amino acid sequence of 
paramyosin from S. scabiei var. hominis The Sspara 1 cDNA sequence of 
1612 bp and deduced amino acid sequence of 537 aa from S. scabiei var. 
hominis. 
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Figure 20. Second fragment Sspara 2 cDNA and deduced amino acid sequence of 
paramyosin from S. scabiei var. hominis The Sspara 2 cDNA sequence of 800 
bp and deduced amino acid sequence of 267 aa from S. scabiei var. hominis. 
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Figure 21. Third fragment Sspara 3 cDNA and deduced amino acid sequence of 
paramyosin from S. scabiei var. hominis The Sspara 3 cDNA sequence of 900 
bp and deduced amino acid sequence of 300 aa from S. scabiei var. hominis. 
109 
 
 
 
 (Figure 22). For subcloning, double digested product of pGEM-T/Sspara 1, 2 and 3 
with sticky ends ofBamH1 and HindIII was eluted, purified from gel and ligated with 
the pET-28a. 
3.4.4.5 Transformation of E. coli with recombinant vector 
The heat shock method was used to transform ligation mixture with DH5α to 
increase number of recombinant plasmids. On LB plates kanamycin resistant colonies 
were successfully transformed after overnight incubation at 37°C. Minipreps from 
cultures of colonies were made and presence of three desired fragments of Sar s 11 
was confirmed by PCR (Plate 21). Subsequently the PCR positive clones were used for 
protein expression.  
3.4.5 Expression, Purification and Screening of His-Paramyosin Fragments 
 S. scabiei var. hominis paramyosin allergen (Sar s 11) fragments, Sspara 1, 2 
and 3 were expressed, purified and screened separately.  
3.4.5.1 Expression, purification and screening of Sspara 1 
To investigate expression level of Sspara 1, E. coli strain, BL21 (DE3) was 
transformed with Sspara 1 and used for protein induction and expression. BL21 (DE3) plasmid 
which produces T7 lysozyme and reduces the basal level expression of the fusion protein This 
strain is used for the heterologous expression of those genes which are considered toxic for E. 
coli. The whole cell lysate was analyzed by SDS-PAGE to check protein expression pattern. 
BL21 (DE3) was able to express Sspara 1 after IPTG induction for4 hours. Bacterial culture 
was  sonicated  and  centrifuged. The  protein  was  produced as 6xHis fusion tagged protein at 
the N- and C-terminus and was observed on SDS-PAGE as a single band of 
approximately 55 kDa from elution one to four for S. scabiei var. hominis 5’ end of the 
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Figure 22. Schematic diagram of pET-28a. The diagrammatic representation of pET-28a 
showing the important genes location, restriction sites and regulatory parts. 
The image is taken from 
http://plasmid.med.harvard.edu/PlasmidRepository/file/map/pET28.pdf. 
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Plate 21. Amplified products of Sspara 1, Sspara 2 and Sspara 3. Lane 1, 4 and 6: 
Amplified products of Sspara 1. Lane 8: Amplified product of Sspara 2. Lane 
9-11: Amplified products of Sspara 3. M: 100 bp marker (Thermo Fischer 
Scientific). 
.
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paramyosin fragment Sspara 1 (Plate 22).Western blotting verified the presence of the 
6xHis tagged purified proteins (Plate 23). 
3.4.5.2 Cross reactivity between S. scabiei var. hominis Sspara 1 fragment and human 
sera through immunoblotting analysis  
Recombinant S. scabiei var. hominis (Sspara 1) was not recognized by pooled crusted 
and ordinary scabies patient sera (n=3), pooled HDM and naïve sera (n=3), with no IgE 
binding to Sspara 1. It showed binding with Ssag 3 positive control in case of crusted scabies 
and ordinary scabies sera and no binding with BSA negative control as shown in plate 24. 
Immunoblotting analysis has shown that there is no IgE binding to Sspara 1 so we can 
conclude that 5’ end of paramyosin i.e. Sspara 1 fragment is not immunogenic. As this part is 
non-immunogenic so we didn’t proceed with ELISA for this fragment.  
3.4.5.3 Expression, purification and screening of Sspara 2 
Sspara 2 expressed and purified in the same way as mentioned in section 
(4.6.1). On SDS-PAGE as a single band of approximately 29 kDa from elution three to 
five for the S. scabiei var. hominis middle fragment Sspara 2 (Plate 25). Western 
blotting verified the presence of the 6xHis tagged purified proteins (Plate 26).  
3.4.5.4 Cross reactivity between S. scabiei var. hominis Sspara 2 fragment and human 
sera  
3.4.5.4.1 Immunoblotting analysis  
Recombinant S. scabiei var. hominis paramyosin middle fragment (Sspara 2) 
was recognized by pooled crusted  and  ordinary scabies  patient  sera (n=3),  with  strong  IgE 
binding to both Sar s 10 and Ssag 3 positive control and no binding with BSA negative 
control.  The  IgE binding was not observed  with  pooled HDM  and  naïve sera (n=3), 
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Plate 22. Purification of S. scabiei var. hominis Sspara 1 fragment. S. scabiei var. 
hominis Sspara 1 fragment purification on SDS-PAGE. Lane M – Molecular 
mass marker; Lane NI– Non-induced BL21; Lane I – Induced BL21; Lane L –  
lysate; Lane Fth – Flowthrough; Lanes E1 to E5 – Elutions 1 to 5. 
114 
 
 
 
 
 
 
 
 
(A)         (B) 
Plate 23. Purification and western blotting of Sspara 1 fragment (A) SDS-PAGE of 
purified elution fraction stained with commassie blue. Lane M – Molecular 
mass marker; Lanes E1 to E5 – Elution fractions 1 to 5. (B) Anti-His 
immunoblotting for detection of tropomyosin Histidine tagged fusion proteins. 
Lane M – Molecular mass marker; Lanes 1 to 5 – Elution fractions 1 to 5. 
115 
 
 
 
 
 
 
 
       (A)     (B)       (C)          (D)          (E) 
Plate 24. IgE reactivity of Sspara 1 and Ssag 3 with human sera. (A) Coomassie stained 
SDS-PAGE gel. Lane M – Marker; Lane 1 – Sar s 10 (5 μg), Lane 2 – Ssag 3 
(5 μg); Lane 3 – BSA (0.5 μg). Western Blots probed with pooled sera from 
crusted scabies patients (n=3) (B), ordinary scabies patients (n=3) (C), HDM 
patients (n=3) (D) and naïve (n=3) (E). Lane M – Marker; Lane 1 – BSA (0.5 
μg); Lane 2 – Ssag 3 (5 μg) and Lane 3 – Sar s 10 (5 μg).  
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(A)        (B)  
Plate 25. Purification of Sspara 2 fragment. (A) S. scabiei var. hominis Sspara 2 
purification on SDS-PAGE. Lane M – Molecular mass marker; Lane NI– 
Non-induced BL21; Lane I – Induced BL21; Lane L –  lysate; Lane Fth – 
Flowthrough. (B) Lane M – Molecular mass marker, Lane E1 to E4 – Elutions 
1 to 4. 
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(A)            (B) 
Plate 26. Purification and western blotting of Sspara 2 fragment. (A) SDS-PAGE 
of purified elution fraction stained with commassie blue. Lane M – 
Molecular mass marker; Lanes E1 to E3 – Elution fractions 1 to 3. (B) 
Anti-His immunoblotting for detection of tropomyosin Histidine tagged 
fusion proteins. Lane M – Molecular mass marker; Lanes 1 to 3 – Elution 
fractions 1 to 3. 
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reacted only weakly with Ssag3 as shown in plate 27. The binding of IgE in both 
crusted and ordinary scabies sera with Sspara 2 indicated that this fragment is 
immunogenic. 
 3.4.5.4.2 Specific IgE binding to S. scabiei var. hominis Sspara 2 fragment 
 A three stage ELISA was performed to identify both IgE and IgG binding to S. 
scabiei var. hominis paramyosin middle fragment. 
3.4.5.4.3 IgE binging of human sera to Sspara 2 
IgE binding of individual crusted scabies sera (n=3) and ordinary scabies sera 
(n=48) to the Sspara 2 was very high. Sera from people naive to both scabies and 
HDM (n=24) were negative to all proteins tested but show IgE binding with HDM 
allergy sera (n=24). For Sspara 2, specific IgE binding in the plasma from the crusted 
scabies, the ordinary scabies and naïve group was distinct (Figure 23). Mann-Whitney 
U test was used to analyze difference between group means, the mean IgE binding to 
Sspara 2 for the crusted scabies to each of the other group was significantly greater (P 
< 0.0001). The mean value of ordinary scabies group was significantly higher than naïve group 
(P < 0.0001). The HDM allergy group mean IgE binding to Sspara 2 was significantly 
different than the mean responses for the subjects naïve to scabies group (P 0.0097). The cut 
off value of the average of the naive +2 Standard Deviations calculated to be 0.24.  
3.4.5.4.4 IgG binding of human sera to Sspara 2 
The  crusted,  ordinary,  HDM  allergy  and   naïve  sera were also  checked  by 
ELISA for the binding of total IgG to Sspara 2. There was significant difference in mean IgG 
binding to Sspara 2 between scabies group and for the subjects naïve to scabies group (P < 
0.0001),  as  determined  by  Mann-Whitney  U  test. Interestingly  however,  there  was  no 
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(A)    (B)         (C)        (D)         (E) 
Plate 27. IgE reactivity of Sspara 2 and Ssag 3 with human sera. (A) Coomassie stained 
SDS-PAGE gel. Lane M – Marker; Lane 1 – Sar s 10 (5 μg), Lane 2 – Ssag 3 
(5 μg); Lane 3 – BSA (0.5 μg). Western Blots probed with pooled sera from 
crusted scabies patients (n=3) (B), ordinary scabies patients (n=3) (C), HDM 
patients (n=3) (D) and naïve (n=3) (E). Lane M – Marker; Lane 1 – BSA (0.5 
μg); Lane 2 – Ssag 3 (5 μg) and Lane 3 – Sar s 10 (5 μg).  
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Figure 23.  IgE binding to Sspara 2 in subjects with crusted scabies (CS), ordinary 
scabies (OS), HDM allergy (HDM) and naïve to scabies (Naive). 
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significant difference between ordinary scabies and HDM allergy subjects (P 0.5017) (Figure 
24). The cut off value of the average of the naive +2 Standard Deviations was calculated to be 
0.20. By comparing means of IgE and IgG binding to Sspara 2, the HDM allergy group 
showed no significant difference between means of IgE and IgG to Sspara 2 (Figure 25). 
3.4.5.4.5 Diagnostic efficiency of Sspara 2 
The diagnostic efficiency of the Sspara 2 for detection of active scabies infestation 
was very high. The assay has 98% sensitivity and 90% specificity a positive likelihood ratio of 
5.48 and a negative likelihood ratio of 0.03. The area under curve was 0.9706. With IgG, 
Sspara 2 has 70% sensitivity and 96% specificity and area under curve was 0.82. The 
diagnostic efficiency of total IgG was low as compared to IgE with this antigenic fragment.  
3.4.5.5 Expression, purification and screening of Sspara 3 
Sspara 3 expressed and purified in the same way as mentioned in section 
(3.4.5.1). On SDS-PAGE as a single band of approximately 33 kDa from elutions four 
to ten for the S. scabiei var. hominis middle fragment Sspara 3 (Plate 28). Western 
blotting verified the presence of the 6x His tagged purified proteins (Plate 29). 
3.4.5.6 Cross reactivity between S. scabiei var. hominis Sspara 3 fragment and 
human sera 
3.4.5.6.1 Immunoblotting analysis  
Recombinant S.  scabiei var.  hominis  paramyosin 3rd  fragment  (Sspara 3) 
was recognized by pooled crusted and ordinary scabies patient sera (n=3), with strong 
IgE binding to both Sar s 10 and Ssag 3 positive control and no binding with BSA 
negative control. The IgE binding was not observed with pooled HDM  and  naïve sera 
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Figure 24. IgG binding to Sspara 2 in subjects with crusted scabies (CS), ordinary scabies 
(OS), HDM allergy (HDM) and naïve to scabies (Naive). 
C
S
O
S
H
D
M
N
ai
ve
0.0
0.1
0.2
0.3
0.4
0.5
Disease Status
Ig
E
 b
in
d
in
g
 n
g
/m
l 
(4
0
5
 n
m
)
CS
OS
HDM
Naive
123 
 
 
 
 
 
 
Figure 25. Comparison of Sspara 2 specific IgE and IgG binding to in subjects with 
crusted scabies (CS), ordinary scabies (OS), HDM allergy (HDM) and naïve 
to scabies (Naive). 
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 (A)             (B) 
Plate 28. Purification of Sspara 3 fragment. (A) S. scabiei var. hominis Sspara 3 
purification on SDS-PAGE. Lane M – Molecular mass marker; Lane NI– 
Non-induced BL21; Lane I – Induced BL21; Lane L –  lysate; Lane Fth – 
Flowthrough; Lanes E1 to E5 – Elutions 1 to 5. (B) Lane M – Molecular mass 
marker, Lane E6 to E10 – Elutions 1 to 10. 
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(A)          (B) 
Plate 29. Purification and western blotting of Sspara 1 fragment. (A) SDS-
PAGE of purified elution fraction stained with commassie blue. Lane 
M – Molecular mass marker; Lanes E1 to E3 – Elution fractions 1 to 
3. (B) Anti-His immunoblotting for detection of tropomyosin 
Histidine tagged fusion proteins. Lane M – Molecular mass marker; 
Lanes 1 to 3 – Elution fractions 1 to 3. 
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 (n=3), reacted only weakly with Ssag3 as shown in plate 30. The binding of IgE in 
both crusted and ordinary scabies sera with Sspara 3 indicated that this fragment is 
immunogenic. 
3.4.5.6.2 Specific IgE binding to S. scabiei var. hominis Sspara 3 fragment 
 A three stage ELISA was performed to identify both IgE and IgG reactivity to 
S. scabiei var. hominis paramyosin Sspara 3 fragment.  
3.4.5.6.3 IgE binding of human sera to Sspara 3 
IgE binding of individual crusted scabies sera (n=3) and ordinary scabies 
seran=48) to the Sspara 3 was very high. Sera from people naive to both scabies 
(n=24) were negative to all proteins tested but show IgE binding with HDM allergy 
sera (n=24). Also for Sspara 3, specific IgE binding in the plasma from the crusted 
scabies, the.ordinary scabies and naïve group was distinct (Figure 26).  
 
Sspara 3 showed same results in accordance with Sspara 2 when statistically 
analyzed. Mann-Whitney U test was used to analyze for difference between group 
means, the mean IgE binding to Sspara 3 for the crusted scabies to each of the other 
group was significantly greater (P < 0.0001).  
 
The mean value of ordinary scabies group was significantly higher than naïve 
to scabies group (P < 0.0001) and HDM allergy to scabies group (P < 0.0001). The 
HDM allergy subjects mean IgE response to Sspara 3 was significantly different than  
mean responses for the subjects naïve to scabies group (P=0.0392). The  cut  off  value  
of  the  average  of  the  naive +2 tandard deviations was calculated to be 0.22. 
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(A)      (B)         (C)       (D)          (E) 
Plate 30. IgE reactivity of Sspara 3 and Ssag 3 with human sera. (A) Coomassie stained 
SDS-PAGE gel. Lane M – Marker; Lane 1 – Sar s 10 (5 μg), Lane 2 – Ssag 3 (5 
μg); Lane 3 – BSA (0.5 μg). Western Blots probed with pooled sera from crusted 
scabies patients (n=3) (B), ordinary scabies patients (n=3) (C), HDM patients 
(n=3) (D) and naïve (n=3) (E). Lane M – Marker; Lane 1 – BSA (0.5 μg); Lane 2 
– Ssag 3 (5 μg) and Lane 3 – Sar s 10 (5 μg). 
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Figure 26. IgE binding to Sspara 3 in subjects with crusted scabies (CS), ordinary scabies 
(OS), HDM allergy (HDM) and naïve to scabies (Naive). 
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3.4.5.6.4 IgG binding of human sera to Sspara 3 
The crusted, ordinary, HDM allergy and naïve subjects’ sera were also 
analyzed by ELISA for the presence of total IgG to Sspara 3. The IgG binding to 
Sspara 3 was significantly different between scabies group and for the subjects naïve 
to scabies group (P=0.0065), as determined by Mann-Whitney U test. Interestingly 
however, there is no significantly difference between ordinary scabies and HDM 
allergy subjects (P=0.6201) (Figure 27).  
The cut off value of the average of the naive +2 Standard Deviations was 
calculated to be 0.34. By comparing means of IgE and IgG binding to Sspara 3, the 
HDM allergy group showed significant difference between means of IgE and IgG to 
Sspara 3 (0.0023) and means of crusted, ordinary scacies and naïve subjects showed no 
significant differences (Figure 28).  
3.4.5.6.5 Diagnostic efficiency of Sspara 3 
The diagnostic efficiency of the Sspara 3 for detection of active scabies 
infestation was very high. The assay has 84% sensitivity and 100% specificity, with a 
positive likelihood ratio of 4.00 and a negative likelihood ratio of 0 and area under 
curve was 0.9600. With IgG, Sspara 3 has 40% sensitivity and 87.5% specificity and 
area under curve was 0.70. The diagnostic efficiency of total IgG was low as compared 
to IgE with this antigenic fragment.  
3.4.5.7 Cocktail ELISA (Sspara 2 and Sspara 3) 
In order to compare diagnostic sensitivity and specificity of Sspara and 
Sspara3,  cocktail  ELISA  was performed to check both IgE and IgG antibody binding 
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Figure 27. IgG binding to Sspara 3 in subjects with crusted scabies (CS), ordinary scabies 
(OS), HDM allergy (HDM) and naïve to scabies (Naïve) 
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Figure 28. Comparison of Sspara 3 specific IgE and IgG binding to in subjects with 
crusted scabies (CS), ordinary scabies (OS), HDM allergy (HDM) and naïve 
to scabies (Naive). 
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separately with cocktail fragments 
3.4.5.7.1 IgE binding of human sera to antigen cocktail 
The IgE binding to antigen cocktail showed similar binding to the previous 
results with saperate fragments. IgE binding of individual crusted scabies sera (n=3) 
and ordinary scabies sera (n=48) to the antigen cocktail was very high. Sera from 
people naive to both scabies (n=24) were negative to all proteins tested but show IgE 
binding with HDM allergy sera (n=24). Also with the cocktail, for Sspara 2, specific 
IgE binding in the plasma from the crusted scabies, the ordinary scabies and naïve 
group was distinct (Figure 29). Mann-Whitney U test was used to analyze for 
difference between group means, the mean IgE binding to Sspara 3 for the crusted 
scabies to each of the other group was significantly greater (P < 0.0001) but not 
significantly different to ordinary. scabies (P=0.0685). The mean value of ordinary 
scabies group was significantly higher than naïve to scabies group (P < 0.0001) and 
HDM allergy to scabies group (P < 0.0001). The HDM allergy subjects mean IgE 
response to cocktail was significantly different than the mean responses for the 
subjects naïve to scabies group (P 0.0193). The cut off value ofthe average of the naive 
+2 Standard Deviations was calculated to be 0.2. 
3.4.5.7.2 IgG binding of human sera to antigen cocktail 
The crusted, ordinary, HDM allergy and naïve subject sera were also analyzed by 
ELISA for the presence of total IgG to antigen cocktail. The IgG binding to cocktail was 
.significantly different between crusted scabies and naïve groups (P=0.0063), ordinary scabies 
group and naïve group (P < 0.0001) and ordinary scabies and HDM (P=0.0009) as 
determined  by Mann- Whitney  U  test.  There  was  a  significant  difference  between  
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Figure 29. Comparison of Antigen Cocktail specific IgE and IgG binding to in subjects 
with crusted scabies (CS), ordinary scabies (OS), HDM allergy (HDM) and 
naïve to scabies (Naive). 
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ordinary scabies and HDM allergy subjects (P=0.0030) (Figure 29). The cut off value 
of the average of the naive +2 Standard Deviations calculated to be 0.15. By 
comparing means of IgE and IgG binding to antigen cocktail, there were significant 
differences between means of IgE and IgG to antigen cocktail (P < 0.0001) in ordinary 
scabies,  HDM allergy group and subjects naïve to scabies group. 
3.4.5.7.3 Comparison of diagnostic sensitivity and specificity    
The diagnostic efficiency of the antigen cocktail for detection of active scabies 
infestation was very high. With IgE, the assay has 94% sensitivity and 100% 
specificity a positive likelihood ratio of 9.00 and a negative likelihood ratio of 0 and 
the area under curve was 0.9665. With IgG, the assay has 62% sensitivity and 92% 
specificity and the area under curve was 0.9092. The diagnostic efficiency of total IgG 
was low as compared to IgE with this antigenic fragment. In comparing both antigens 
i.e. Sspara 2 and Sspara 3, Sspara 2 gave excellent diagnostic specificity and 
sensitivity. Cocktail ELISA gave a clear picture as 94% sensitivity was observed with 
IgE. Between both antigens, IgE gave the most sensitive detection with 98% with IgE. 
3.5 DISCUSSION 
3.5.1 Cloning, Expression and Screening of Tropomyosin 
The molecular characterization of tropomyosin from S. scabiei var. hominis 
was successful. The cDNA sequence of tropomyosin from S. scabiei var. hominis has 
open reading frame of 855 bp nucleotide and 285 amino acids, codes for an allergenic 
31.35 kDa protein. S. scabiei var. suis tropomyosin sequence, previously isolated and 
cloned in the expression vector pET-15b (Allergy and Immunology Mite laboratory, 
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USC) exhibits 100 % cDNA and amino acid sequence identity with S. scabiei var. 
hominis. Due to 100 % similarity, S. scabiei var. suis pET-15b clone was transformed 
into the E. coli strain BL21 (DE3) for protein expression. The sequence and 
recombinant tropomyosin provide the basis for detailed studies of the immune 
response to this allergen. 
3.5.1.1 Sequence homology with arachnids and other invertebrates 
Tropomyosin is considered as a pan-allergen in invertebrates (Lehrer et al., 
2003) and reported as a cross reactive allergen among invertebrates (Song et al., 2009) 
because of a high degree of amino sequence identity (Reese et al., 2006). S. scabiei 
var. suis tropomyosin (Sar s 10) amino acid sequence revealed an 99 % sequence 
homology with S. scabiei var. caniculi (JF922117.1) (Zhang et al., 2012). This protein 
also revealed homology of 98 % to group 10 allergens of D. pteronyssinus 
(AAB69424), D. farinae (ABU97466) and P. ovis (AM14276) as shown by Nisbet et 
al. (2006).  
Tropomyosin was also shown to have homology of 90-96 % with storage mites 
i.e. L. destructor (CAB71342), G. domesticus (AAQ54614), B. tropicalis 
(ABU97466), C. arcuatus (AEX31649) as group 10 house dust mite allergen is 
reported to be highly conserved (Lehrer et al., 2003) and cross-reactive with 
tropomyosin of species such as shellfish and other arthropods (Arlian et al., 2009) this 
result was not unexpected. 
Among Insects, P. americana (AAL86701), B. germanica (AAF72534) had 
80% amino acid identity as shown by Asturias et al. (1999); Jeong et al. (2003) and 
Sookrung et al. (2009) that tropomyosin from cockroaches shares 80 % homology with 
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other arthropod tropomyosins. Tropomyosin was also found to be a major allergenic 
component accounting for the cross-reactivity between cockroaches and dust mites 
(Jeong et al., 2004). With shellfish i.e. with S. constricta (ABU53681), H. diversicolor 
(AAG08987) 58 and 64 % homology has been identified. In several studies 
tropomyosin is reported as major shellfish allergen and also a commonly used 
biomarker for detection of shellfish allergens (Seiki et al., 2007). There is homology of 
74 % with parasite A. lumbricoides (ABS82498) as shown by Santos et al. (2008) by 
comparing sequences with other invertebrates. The sequence identity of Sar s 10 with 
allergens of other mites and invertebrates indicates that tropomyosin is not a specific 
allergen for Sarcoptic mites and may have high cross-reactivity with tropomyosin of 
other mites (Reese et al., 1997). 
3.5.1.2  Immuno-analysis  
 Immuno-analysis of S. scabiei tropomyosin was performed via Western blot  
and a three stage ELISA. Western blot analysis showed IgE binding by pooled crusted 
and ordinary scabies patient sera and additionally with pooled HDM positive and naïve 
sera. Scabies naïve and house dust mite patient sera exhibited strong binding to variety 
of S. scabiei antigens using SDS-PAGE (Arlian et al., 1991). Western blot analysis 
demonstrated that individual with scabies showed strong IgE binding to both scabies 
mites and HDM antigen (Walton et al., 2004).  
ELISA analysis indicated the IgE binding of crusted scabies sera to Sar s 10 
was significantly higher compared to other scabies antigen i.e. Sar s 3 (Serine 
Protease) (Beckhan et al., 2009), Sar s 8 (GST) (Dougall et al., 2005) and Sar s 14 
(Apolipoprotein) (Jayaraj et al., 2011). IgE binding of sera obtained from subjects with 
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ordinary scabies did not occur to the full-length S. scabiei tropomyosin. This may be 
due to the duration of disease, the much lower mite burden, at what point in the disease 
progression the sera was collected.  
The plasma from ordinary scabies subjects, HDM positive subjects and naive 
subjects showed no clear difference in specific IgE binding. Strong IgE antibody 
binding to tropomyosins from A. lumbricoides and P. americana has been reported in 
sera from patients with cockroach allergy (Santos et al., 2008). The result from this 
study may indicate cross reactivity of Sar s 10 with other parasite tropomyosins. These 
patient groups who have experienced infestation with S. scabiei are also likely to have 
been exposed to higher loads of unrelated parasites even in naïve controls. 
The crusted scabies and ordinary scabies patient sera showed specific IgE 
binding to the Ssag (1,2 and 3) cocktail (Walton et al., 2010; Jayaraj et al., 2011). The 
cocktail ELISA also showed IgE specific binding with HDM sera and indicates mite 
related sensitization to tropomyosin (Bronnert et al., 2012). The level of Sar s 10 
specific IgE and Ssag (1, 2 and 3) cocktail specific IgE showed no correlation for the 
crusted scabies group, ordinary scabies group and HDM group. These findings are 
important as they demonstrate the presence of a high level of IgE cross-reactivity 
between scabies mite and house dust mite antigens and patients sensitive to house dust 
mite but with no history of scabies exhibit circulating antibodies that recognize S. 
scabiei antigens (Walton et al., 2004).  
The sensitivity and specificity are important to check the performance of 
diagnostic tests (Rosner et al., 1990). The Ssag IgE cocktail ELISA to the recombinant 
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antigens (1, 2 and 3) showed comparatively high sensitivity and specificity with 
diagnostic accuracy as compared to Sar s 10 ELISA. The Ssag 3 previousy showed 
excellent diagnostic capability, with 100 % sensitivity and 93.75 % specificity and 
proved to be a highly sensitive method for clinical diagnosis of scabies infestation 
(Jyaraj et al., 2011). 
High homology of tropomyosin within invertebrates has been established and studies 
have showed that tropomyosin from phylogentically related organisms has IgE reactivity from 
allergenic individuals (Jeong et al., 2004; Zhang et al., 2012) . Thus, the observed homology 
in the multiple sequence alignment and subsequent binding of IgE antibodies in Western Blot 
and ELISA to Sar s 10 is consistent with other studies. 
3.5.2 Cloning, Expression and Screening of Paramyosin 
The cloning, expression and purification of the partial sequences of the group 
11 allergen paramyosin (Sar s 11) from S. scabiei var. hominis. The cDNA encoded for 
S. scabiei paramyosin allergen is 2816 bp long coding for 102.5 kDa protein (Mattsson 
et al., 2000). We amplified Sar s 11 in three overlapping fragments. The three partial 
cDNA fragments of paramyosin from S. scabiei var. hominis have open reading frames 
of 1612, 800 and 900 bp nucleotides. These three overlapping fragments has deduced 
amino acids of 537, 267 and 300 aa, codes for 55, 29 and 33 kDa of allergenic protein 
fragments designated as Sspara 1, Sspara2 and Sspara3. S. scabiei var. hominis 
paramyosin partial sequences were cloned in the expression vector pET-28a and 
transformed into the E. coli strain BL21 (DE3) for protein expression. These three 
fragments were expressed, purified and screened separately. The sequence and three 
recombinant partial paramyosin fragments provide the basis for detailed studies. of the  
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immune response to this allergen  
3.5.2.1 Paramyosin allergen group in other invertebrates 
 Paramyosin is found only in invertebrates (Tsai et al., 2000) and the molecule 
is also evolutionary somewhat conserved among a variety of species (Tsai et al., 
1999). Paramyosin has been identified as a major immunogen in parasites and has 
shown potential as a vaccine candidate for parasitic diseases such as filariasis and 
schistosomiasis (Chua et al., 1991; Talavera et al., 2001; Jiz et al., 2008). It is a major 
allergen associated with HDM allergy (Thomas and Smith, 1998).  
The BLAST analysis of the partial sequences of S. scabiei var. hominis 
paramyosin amino acid sequence revealed an 99 % sequence homology with S. scabiei 
var. canis (AAK01181) (Mattsson et al., 2001), S. scabiei var. hominis (ACC65584) 
(Gu and Yang, 2008), S. scabiei var. caniculi (ABV54632) (Gu et al., 2007). The 
sequence homology of 100% has been shown with partial paramyosin amino acid 
sequence of S. scabiei var. hominis (AAO15612) (Fischer et al., 2003). It is also 
reported in nematode, annelids, crustaceans, echinoderms and in arthropods including 
ticks and mites (Marato et al., 1995).  
As we have done cloning in parts we didn’t perform the sequence alignments 
separately. But sequence homology indicated almost similar identity among other 
arthropods and arachnid groups as mentioned in other studies already done on 
paramyosin allergen. As reported by Tsai et al., 2000 Dermatophagoides farinae Df 11 
allergen (Df642) shows a high extent of sequence identity with paramyosin from other 
invertebrates. The paramyosin sequence of Boophilus microplus and Blomia tropicalis 
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showed 78, 62 and 60 percent identity with Sarcoptes scabiei, Dermatophagoides 
farinae and Drosophila melanogaster respectively (Ferreira et al., 2002; Tsai et al., 
1998; Ramos et al., 2003). Paramyosin is also present in other parasites including 
Taenia, Schistosoma (Bessot and Pauli, 2011) which have been identified as a target 
for protective immunity and considered as a vaccine candidate in helminthes and in 
Schistosoma infection (Limberger and McReynolds, 1990; Dahmen et al. 1993; 
Gobert and McManus, 2005). 
3.5.2.2  Immuno-analysis  
 Immuno-analysis of Sspara 1, Sspara 2 and Sspara 3 fragments of S. scabiei var. 
hominis paramyosin was performed via Western blot and a three stage ELISA. Western blot 
analysis showed strong IgE response by pooled crusted and ordinary scabies patient sera to 
Sspara 2 and Sspara 3 compared to Sspara 1 which showed no response to IgE. So we can 
conclude that 5’ end of the protein is non-immunogenic as compared to middle fragment 
and 3’ end. It has previously been recognized that C- and N-terminal of paramyosin 
are much less conserved (Limberger and McReynolds, 1990; Dahmen et al., 2003). S. 
scabiei var. canis was detected by anti- S. scabiei rabbit serum by western blotting 
(Mattsson et al., 2000). 
Western blot analysis also identified a number of house dust mite allergen 
homologues to Psoroptes ovis (Kenyon et al., 2003) and Der p 11 (paramyosin) (Lee 
et al., 2002; Huntley et al., 2004). Paramyosin appeared to be an important 
immunogen in scabies as well. ELISA detection indicated the IgE response of crusted 
and ordinary scabies group was significantly higher to both Sspara 2 and Sspara 3. 
There is also clear distinction between specific IgE binding in the plasma from crusted 
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and ordinary scabies sera to naive sera when cocktail ELISA was performed as shown 
by other scabies antigen i.e. Sar s 3 (Serine Protease) (Beckhan et al., 2009), Sar s 8 
(GST) (Dougall et al., 2005) and Sar s 14 (Apolipoprotein) (Jayaraj et al., 2011). 
Both Sspara 2 and Sspara 3 are also recognized by IgG from both crusted and 
ordinary scabies patients and additionally by patients with HDM allergy. Both 
fragments do not seem to be recognized by individuals naïve to scabies group. These 
results are in accordance with Dougall et al. (2005) where purified recombinant 
protein rSsGST01 reacted strongly with IgE and IgG4 in sera from crusted scabies 
patients. S. scabiei recombinant paramyosin could potentially be used as an infection 
marker in immunoassays, e.g. ELISA. S. scabiei has been demonstrated to be 
antigenically cross-reactive with house dust mites Der. p and Der. f (Arlian and 
Morgan, 2000; Arlian et al., 1991; Arlian et al., 1988; Schumann et al., 2001). The 
IgG and collagen binding activities described in paramyosins of worms and molluscus 
which are likely ultimate targets of immunological attacks (Loukas et al., 2001), were 
shown to be conserved in arthropods. Recombinant paramyosin Blomia tropicalis (Bm 
PRM) is reported to be functionally related to host immune system evasion and 
considered as a new concealed antigen (Ferreira et al., 2002). 
The sensitivity and specificity are important to check the performance of 
diagnostic tests (Rosner et al., 1990). In comparison, our results clearly demonstrate 
that Sspara2 appears to be a significant allergen of scabies patients with high 
sensitivity and specificity of 98 and 90 % with IgE as compared with IgG. The Sspara 
cocktail ELISA showed high sensitivity and specificity of 94 % sensitivity was 
observed with IgE. 
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In our assay, with Sspara 2 and area under the ROC curve of 0.9706, is highly 
discriminatory for scabies infestation. Previously study conducted by Jayaraj et al. 
(2011) reported that the Ssag 3 antigen has excellent diagnostic capability, with 100 % 
sensitivity and 93.75 % specificity and proved to be a highly sensitive method for 
diagnosis of scabies infestation in clinical practice. High homology of partial 
paramyosin fragments within invertebrates has been established and is consistent with 
the results of other studies. Results suggested that paramyosin is indeed recognized by 
scabies infested individuals and HDM allergy patients. It might be argued that S. 
scabiei paramyosin is so similar to paramyosin from other species as also reported by 
Mattsson et al., 2000. So it is intriguing that paramyosin is a potent allergenic protein 
in mite (Tsai et al., 2000). The genus-specific epitopes of scabies mite with the 
sensitive detection of IgE reactivity has been revealed. The clinical diagnosis of 
scabies has been marked by the development of ELISA which helps in the 
improvement of diagnosis of scabies. 
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Chapter 4 
GENERAL DISCUSSION 
Scabies is an infection of the skin and occurs in human due to the burrowing 
ectoparasitic mite called Sarcoptes scabiei var. hominis (Pence and Ueckermann, 
2002; Walton and Currie, 2007) resides in stratum corneum of the skin by forming 
burrows (Arlian et al., 1984). Sarcoptes mite feed on host epidermis and lymphic 
fluids secreted by underlying layer of the skin, release active enzymes as a result of 
which intense itching and inflammation occurs which manifests as a skin allergy and 
other inflammatory responses (Walton & Currie 2007). Currently, there are no 
efficient means of diagnosing human scabies and traditional tests show less than 50% 
sensitivity. Moreover, no success has been gained in the application of immuno-
diagnostic tools for detection of scabies patients (McCarthy et al., 2004). Sarcoptes 
mite has a wide host range with the number of variants exist which are 
morphologically alike but distinct genetically (Walton et al., 1999).  
Identification of mites based on morphology yield vague results as few species 
are taxonomically complex and morphologically very identical, and it is complex to 
differentiate with a high extent of certainty (Colloff and Stewart, 1997). In order to 
resolve vagueness of genus Sarcoptes, present study was designed to investigate 
Sarcoptes scabiei var. hominis-Pak population and comprising the entity under 
investigation with reported worldwide sequences. The three microsatellite markers i.e. 
Sarms1, Sarms15 and Samrs20 from S. scabiei demonstrate that they exhibit 
polymorphism as allelic variability was determined between and within the population 
studied. The multi allelic population may also indicate that the Sarcoptes mites within 
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the human population were heterozygous. As the Sarms1 sequence of 166 bp 
exhibited 100 % sequence identity with reported S. scabiei sequences. The results 
determined that there is no genetic variation present in S. scabiei population present in 
Pakistan. This result corresponds to the study reported by Zahler et al. (1999) which 
confirmed the view that genus Sarcoptes consists of a single, heterogeneous species  
The present ITS-2 sequence analysis maintains the view that different varities 
of Sarcoptes mites belong to different host species and geographic regions is a single 
species because the sequences did not cluster into separate groups. The results are also 
comparable to finding of Walton et al. (2004) and Sogliaet al. (2007) indicating 
geographic and host specificity in Sarcoptes population in which microsatellite 
markers has been used. Additionally, the highest inter-insulate identity of 99% was 
found between varieties of different hosts. These results recommend a common gene 
pool which represents existence of a single species. At the mitochondrial DNA level, 
the analysis of the partial nucleotide sequences of the region coding for the 16S and 
ribosomal markers have previously been unable to demonstrate any divergence 
between host-associated populations of scabies mites, and only different geographical 
separation (Zahler et al., 1999; Berrilli et al., 2002). 
In conclusion, the results of our study do not suggest genetic separation among 
Sarcoptes mites sequence being investigated. Our studies also in agreement with Fain 
(1968, 1994) who represented ecological variability of S. scabiei due to frequent 
interbreeding of different varieties which contribute to the genetic discrimination 
between populations i.e. heterogeneous S. scabiei, as supported in this and previous 
studies. 
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The full-length S. scabiei tropomyosin and three fragments of paramyosin were 
successfully cloned, expressed and purified. The cDNA sequence of tropomyosin from 
S. scabiei var. hominis has an open reading frame of 855 bp nucleotide and 285 amino 
acids, codes for an allergenic 31.35 kDa protein. Immuno-analysis of S. scabiei 
tropomyosin was performed via Western blot and a three stage ELISA. Western blot 
analysis demonstrated that individual with scabies showed strong IgE binding to both 
scabies mites and HDM antigen (Walton et al., 2004). ELISA analysis indicated the 
IgE binding of crusted scabies sera to Sar s 10 was significantly higher compared to 
other scabies antigen i.e. Sar s 3 (Serine Protease) (Beckhan et al., 2009), Sar s 8 
(GST) (Dougall et al., 2005) and Sar s 14 (Apolipoprotein) (Jayaraj et al., 2011). 
These findings are important as they demonstrate the presence of a high level of IgE 
cross-reactivity between scabies mite and house dust mite antigens and patients 
sensitive to house dust mite but with no history of scabies exhibit circulating 
antibodies that recognize S. scabiei antigens. 
The three partial cDNA fragments sequence of paramyosin from S. scabiei var. 
hominis have open reading frames of 1612, 800 and 900 bp nucleotides. These three 
overlapping fragments have deduced amino acids of 537, 267 and 300 aa and codes for 
55, 29 and 33 kDa of allergenic protein fragments designated as Sspara 1, Sspara2 and 
Sspara3. Immuno-analysis of Sspara 1, Sspara 2 and Sspara 3 fragments of S. scabiei 
var. hominis paramyosin was performed via Western blot and a three stage ELISA. 
Western blot analysis also identified a number of house dust mite allergen homologues 
to Psoroptes ovis (Kenyon et al., 2003) and Der p 11 (paramyosin) (Lee et al., 2002; 
Huntley et al., 2004). Paramyosin appeared to be an important immunogen in scabies 
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as well. ELISA detection indicated the IgE response of crusted and ordinary scabies 
group was significantly higher to both Sspara 2 and Sspara 3. There is also clear 
distinction between specific IgE binding in the plasma from crusted and ordinary 
scabies sera to naive sera when cocktail ELISA was performed as shown by other 
scabies antigen i.e. Sar s 3 (Serine Protease) (Beckhan et al., 2009), Sar s 8 (GST) 
(Dougall et al., 2005) and Sar s 14 (Apolipoprotein) (Jayaraj et al., 2011). High 
homology of partial paramyosin fragments within invertebrates has been established 
and subsequent binding of IgE antibodies in the Western Blot and ELISA to Sar s 11 
fragments is consistent with the results of other studies. So it is intriguing that 
paramyosin is a potent allergenic protein in mite (Tsai et al., 2000). 
Based on these results, cross-reactive antibodies appear to be present in crusted 
scabies sera. Further studies are required to assess its functionality, physiochemical 
properties, affinity and confirmation of its cross-reactivity via inhibition assays. The 
limitations of our study highlight the need to expand our molecular and immunological 
knowledge of S. scabiei. Our study emphasises the need for further investigations into 
environmental exposure that occurs in Indigenous communities and how that translates 
in terms of antibody and thus allergy development. Understanding of cross-reactivity 
between HDM and scabies individual allergens will contribute to elucidation of 
allergen sensitization profiles. This knowledge can then be applied inthe design of 
immunodiagnostics and immunotherapies for both scabies and HDM. The allergen 
identification aids in development of a diagnostic tool for scabies and assist in better 
control of scabies. It will also facilitate direct future development of specific 
immunotherapy and vaccines (Walton et al., 2010). For the scabies the identification 
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of key immunoreactive allergens would assist the development of refined diagnosis 
and probable immunotherapy. Consequently, more useful management of mite 
infestation at both an individual and a community level can be possible. 
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SUMMARY 
Scabies is a neglected disease of global prevalence affecting mainly 
disadvantaged populations. Primary infestation as well as secondary skin infections 
caused by this disease, are a source of great distress and suffering to the affected 
individuals. As Sarcoptes mite is responsible for manifestation and allergic reaction, 
little is known about specific scabies molecules involved in such immunologic 
responses. The knowledge regarding etiology, allergens and cross transmission issues 
would develop scabies diagnosis assay, treatment and control programs through 
improving our understanding of the molecular epidemiology of Sarcoptes scabiei. The 
present study has been designed to investigate the species diversity of Sarcoptes 
scabiei in Pakistan. The study also aims in documentation and screening of 
tropomyosin and paramyosin allergens.  
Sarcoptes scabiei var. hominis, the human derived Sarcoptes mites were 
collected from scabies infested patients visiting different hospitals of Pothwar region 
and Punjab, Pakistan. DNA was amplified using three microsatellite markers i.e. 
Sarms1, Sarms15 and Sarms 20, mitochondrial marker 16S and ITS-2 marker by PCR 
and amplicons were sequenced. Throughout analysis allelic variability was found 
within and between populations. Two alleles of band size 170 bp and 200 bp were 
obtained from two different populations with Sarms1 primer. With Sarms15, alleles of 
100 bp and 130 bp was obtained with two different populations. Alleles of 140 bp and 
180 bp were also obtained with Sarms20 primer. Sequence analysis of Sarms1 
revealed that S. scabiei var. hominis from Pakistan exhibits 100% sequence identity 
with S. scabiei var. hominis from Australia. With rDNA-ITS-2 sequences from 
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Sarcoptes mites have low intra-sequence variability with three polymorphic sites. 
These results illustrated the limited degree of genetic polymorphism in Sarcoptes mites 
with no distinctive clustering arise due to different hosts and geographical localities. 
On the basis of the analysis of partial 16S sequences, the phylogenetic tree obtained 
hasshown low polymorphic rate and represented two distinct clusters due to both 
geographical locations and hosts. Thus result of these multi-locus studies maintain the 
view that different varieties of Sarcoptes mites belonging to different host species and 
geographic regions and recommended a common gene pool of S. scabiei which 
represents existence of a single species. 
 For the allergen characterization, the cDNA of tropomyosin was amplified 
using specific primers to amplify 855 bp and cloned in pGEM-T easy cloning vector. 
This vector was then transformed into Escherichia coli and confirmed through 
sequencing and restriction digestion with BamHI and NdeI. Resulting sequence of 855 
bp was obtained from S. scabiei var. hominis with a deduced amino acid sequence of 
285 aa and was subjected to BLAST and result showed that S. scabiei var. hominis 
specific tropomyosin gene (Sar s 10) exhibits 100% cDNA and amino acid sequence 
identity with S. scabiei var. suis sequence already cloned in pET-15d expression 
vector. S. scabiei tropomyosin was expressed in strain E. coli BL21 (DE3), purified, 
and resolved on SDS-PAGE as soluble 31.35 kDa of protein. The recombinant protein 
was assessed for reactivity with IgE antibodies from human sera. IgE binding was 
observed to S. scabiei tropomyosin with sera collected from crusted and ordinary 
scabies, HDM positive and naive subjects. This result may indicate cross reactivity of 
Sar s 10 with other parasite tropomyosin that these patient groups may have exposed 
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to. The patients who have experienced infestation with S. scabiei are also likely to 
have been exposed to higher loads of unrelated parasites even in naïve controls. 
For paramyosin allergen, we designed three sets of primers to amplify 2.8 kb S. 
scabiei var. hominis paramyosin allergen in three overlapping fragments of 1.6k, 800 
bp and 900 bp designated as Sspara1, Sspara2 and Sspara3 respectively. The cDNA of 
paramyosin, 2.8 kb was amplified using three specific primers and cloned in pGEM-T 
easy cloning vector. This vector was transformed into Escherichia coli and confirmed 
through sequencing and restriction digestion with BamHI and HindIII. The sequence 
obtained had an open reading frame of 1.6kb and 537 aa of Sspara1, 800 bp and 267 aa 
for Sspara2 and 900 bp and 300 aa for Sspara3 and was sub-cloned into pET-28a 
cloning vector. Partial S. scabiei paramyosin was expressed in E. coli strain BL21 
(DE3), purified, and resolved on SDS-PAGE as soluble 55 kDa, 29 kDa and 33 kDa 
proteins respectively.  
Three fragments of paramyosin were assessed for reactivity with IgE and IgG 
antibodies from human sera separately. There is no IgE and IgG binding was observed 
to Sspara1. IgE and IgG binding was observed to both Sspara2 and Sspara3 with sera 
collected from crusted and ordinary scabies, HDM positive patients. There was no IgE 
and IgG binding observed to Sspara1. IgE and IgG binding was observed to both 
Sspara2 and Sspara3 with sera collected from crusted and ordinary scabies and HDM 
positive patients. No binding was observed with sera collected from naive subjects. 
Similar result of IgE and IgG was observed with Sspara2 and Sspara3 cocktail. In 
comparing both antigens i.e. Sspara 2 and Sspara 3, Sspara 2 gave excellent diagnostic 
specificity and sensitivity. For Sspara 2, 98% sensitivity was observed with IgE and 
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70% with IgG and >90 % specificity was observed. For Sspara 3, diagnostic efficiency 
was 84 %with IgE and with IgG it was far less (40%). Between both antigens, IgE 
gave the most sensitive detection with 98% with IgE. Our results demonstrate sensitive 
detection of IgE reactivity with genus-specific scabies mite epitopes. The developed 
ELISA represents a marked improvement for the clinical diagnosis of scabies and 
helps direct future development of a specific diagnostic tool for scabies. 
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APPENDICES 
Appendix 1 
Separating gel for SDS-PAGE gel analysis 
For 1 gel 12% 
dH2O 1.6 ml 
1.5 M Tris (pH 
8.8) 
1.3 ml 
Acrylamide 2 ml 
10% SDS 50 ul 
10% APS 50 ul 
TEMED 2 ul 
 
Stacking gel for SDS-PAGE gel analysis 
For 1 gel 5% 
dH2O 3.4 ml 
1.5 M Tris (pH 
6.8) 
630 ul 
Acrylamide 830 ul 
10% SDS 50 ul 
10% APS 50 ul 
TEMED 4 ul 
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